Journal of Cardiothoracic Surgery© The Author(s) 2025
https://doi.org/10.1186/s13019-025-03370-5

Review

Incidence of secondary pericardial effusions associated with different etiologies: a comprehensive review of literature

Pouya Ebrahimi1, 2  , Homa Taheri3, Pegah Bahiraie4, Florian Rader3, Robert J. Siegel3, Mohammad Hosein Mandegar5, Kaveh Hosseini2 and Farhan Shahid1, 6
(1)Department of Interventional Cardiology, Queen Elizabeth Hospital, Birmingham, UK

(2)Cardiovascular Diseases Research Institute, Tehran University of Medical Sciences, Tehran, Iran

(3)Department of Cardiology, Smidth Heart Institute, Cedars-Sinai Medical Center, Los Angeles, CA, US

(4)School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran

(5)Cardiac Surgery Department, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran

(6)Department of Interventional Cardiology, School of Medicine, Aston University, Birmingham, UK

 

 
Pouya Ebrahimi
Email: Pouyaebrahimi1992@gmail.com



Received: 3 November 2024Accepted: 8 February 2025Published online: 22 February 2025
Abstract
Pericardial effusion is a relatively common complication associated with inflammatory and non-inflammatory diseases. The primary etiology of this condition could be considered when choosing therapeutic options and factors such as effusion size and its hemodynamic consequence. In most cases, small to moderate pericardial effusions can be managed with observation and anti-inflammatory medications unless the effusion develops rapidly. However, in a small proportion of patients, large effusions lead to impaired cardiac filling with hemodynamic compromise and cardiovascular collapse due to cardiac tamponade. The rate at which fluid accumulates is the primary determinant of hemodynamic impact and thus guides the choice of treatment, irrespective of the effusion’s size. Severe cases are typically treated with pericardiocentesis with echocardiographic guidance. More aggressive treatments may be necessary for cases due to purulent or malignant etiologies. These cases may require a pericardial window to allow for long-term drainage of the pericardial fluid. This comprehensive review focuses on the epidemiology of pericardial effusion and discusses pathophysiology, diagnostic approaches, and therapeutic options for different causes of secondary pericardial effusions.
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Anatomy and physiology of the pericardium and the pericardial fluid
The pericardium is a two-layered covering around the heart. The inner layer, the visceral layer, consists of a single layer of mesothelial cells, collagen, and elastin fibers in contact with the epicardial heart surface. The external layer, normally about 2 mm thick, is a fibrous parietal layer covering most of the heart [1]. The main functions of the pericardium include fixing the heart to the mediastinum, providing efficient protection against infection, and making the surrounding part of the heart lubricated to facilitate its movement [2]. The normal range of pericardial fluid volume is 15–50 ml. However, the accumulation of fluid more than this amount raises pressure in the pericardial sac, causing compression of the heart, particularly the right side, due to a thinner wall and lower intracardiac pressure. Venous congestion occurs when the right heart’s diastolic filling is impaired. Reduced diastolic filling of the left ventricle leads to lower stroke volume. Tachycardia and enhanced contractility are the earliest compensatory responses induced by adrenergic stimulation to sustain cardiac output. However, blood pressure and cardiac output gradually fall [3].

Definitions and categorization of pericardial effusion
Pericardial effusion (PE) refers to the accumulation of excess fluid in the pericardial sac, regardless of the type of accumulated fluid, and can be seen in up to 6.5% of the general population in the United States [4]. Various indices can be used to categorize pericardial effusion (Table 1). However, this pathology is classified into two main categories based on the etiology: 1) Primary PE (Without known underlying cause): Acute inflammatory pericarditis (infectious, autoimmune), previously unknown neoplasia, or idiopathic, and 2) Secondary PE: Secondary to a known underlying disease such as acute myocardial infarction, cardiac surgery (pericardiotomy), trauma, known widespread or metastatic neoplasia, chest radiation, chronic kidney disease (uremia), invasive cardiac procedures (cardiac perforation), hypothyroidism, or autoimmune diseases [5]. The echocardiographic features can differentiate mild (small) (< 10 mm), moderate (10–20 mm), and large (> 20 mm) from each other based on the effusion size (Fig. 1) [6, 7]. Sometimes, the drainage and assessing characteristics and composition of accumulated fluid are helpful and can lead to a definite diagnosis [8]. Moderate and severe types of PE have been more thoroughly investigated in recent years. This review focuses on the etiologies of secondary PEs, their geographic patterns, symptoms, diagnostic approaches, and therapeutic options (Fig. 2).Table 1Overall categorization of pericardial effusions [9, 10]


	Determining factor
	Categorization

	Size
	Mild (small): < 10 mm
Moderate:1–20 mm
Severe (large): > 20 mm

	Distribution
	Circumferential
Localized (or loculated)

	Onset
	Acute < 1 week
Subacute: 1 week-3months
Chronic > 3months

	Composition
	Transudate
Exudate
Hemorrhagic: Mostly due to malignancy, infections, rheumatologic disease, or trauma [11]

	Hemodynamic impact
	Insignificant (the hemodynamic effect of PE is often mild)
Cardiac tamponade (from early signs to severe chamber collapse, Fig. 2)
Effusive-constrictive
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Fig. 1Echocardiography can show the amount of fluid around the heart in pericardial effusions
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Fig. 2Tamponade leads to increased intrapericardial pressure (holodiastolic compression), impairs ventricular filling, and consequently leads to elevated and equal left ventricular end-diastolic pressure (LVEDP) and right ventricular end-diastolic pressure (RVEDP) and reduction in stroke volume and cardiac output



Causes and epidemiology of pericardial effusion
The etiologies of PE include almost all pathologic pericardial diseases [12]. Inflammatory processes can cause exudative fluid accumulation by increasing the production of pericardial fluid. However, decreased reabsorption caused by enhanced systemic venous pressure can lead to transudative PE [6]. The main causes of pericardial effusion are different among developing and developed countries. The leading cause in developing countries is still tuberculosis. However, in the developed world, the leading causes include idiopathic pericardial effusion, inflammatory causes, malignancy-related PE, and complications of surgical and percutaneous cardiac procedures [13]. The overall leading causes of PE in the developed countries, apart from up to 50%, which are idiopathic, are infections (15–30%), cancer-related causes (10–25%), iatrogenic causes (15–20%) and autoimmune or autoinflammatory causes (5–15%) [2, 14]. More recently, COVID-19 infection and vaccination (specifically mRNA vaccines) have become additional causes of PE [15, 16]. Many studies have broadly categorized PE’s causes as inflammatory and noninflammatory (Table 2, Figs. 3) [17]. It is important to consider the point that in clinical practice, determining the exact cause of pericardial effusion often remains challenging, with many cases ultimately labeled as idiopathic [2, 18]. For instance, in a study, Abdallah R. et al. found that the most frequent etiology of large symptomatic pericardial effusion was idiopathic, accounting for 36% of cases. This highlights the importance of including idiopathic or undetermined categories in figures and tables related to pericardial effusion etiology, reflecting that the specific cause remains elusive despite thorough evaluations [2, 19].Table 2Inflammatory and non-inflammatory causes of pericardial effusion


	Inflammatory
	Infectious:
Viral: enteroviruses (coxsackie B), adenovirus, herpesviruses (EBV, CMV, VZV), parvovirus B19, HIV, HCV, COVID-19
Bacterial: gram-positive cocci (Streptococcus, Staphylococcus), Mycoplasma, Neisseria (meningitides, gonorrhea), Coxiella burnetii
Mycobacteria (tuberculosis, avium-intracellular)
Fungal: Histoplasma species, Candida species
Protozoal: Echinococcus species, Toxoplasma species

	 	Post-cardiac injury syndromes (PCIS):
Post-pericardiotomy
Post-myocardial infarction
Post-electrophysiology interventions
Post-coronary interventions
Post-percutaneous structural interventions (Transcatheter Aortic Valve Replacement, Mitra Clip, etc.)

	 	Autoimmune:
Systemic Lupus Erythematosus (SLE)
Sjogren Syndrome
Rheumatoid Arthritis (RA)
Scleroderma
Eosinophilic Granulomatosis with Polyangiitis (EGPA) (Churg–Straus syndrome)
Familial Mediterranean Fever (FMF)

	 	Uremic pericarditis

	 	Drug hypersensitivity

	Non-Inflammatory
	Neoplastic:
Primary tumors (rare, especially pericardial mesothelioma)
Secondary metastatic tumors (lung, breast, cancer, lymphomas, and melanoma)

	 	Metabolic:
Hypothyroidism (myxedema coma)
Severe protein deficiency

	Traumatic:
Iatrogenic
Direct/indirect pericardial injury (penetrating or blunt chest wall injury, aortic dissection)

	Hemodynamic (Reduced Lymphatic Absorption):
Congestive Heart Failure
Cirrhosis
Nephrotic Syndrome
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Fig. 3Secondary causes of moderate to severe PE based on Levy et al. Study in 2003 (France) [20], Corey et al. study in 1993 (USA) [21], Reuter et al. study in 2005 (South Africa) [22], and Ma W et al. study in 2012 (China) [23]



Inflammatory pericardial effusion
Infections
Viral pericardial effusions
Viruses are the leading causes of pericarditis cases, which have known etiologies, especially adenovirus and coxsackievirus, and about 60% of viral pericarditis can cause pericardial effusions. However, most of the time, effusions are small and can be treated conservatively or with colchicine plus NSAIDs [32]. Corticosteroids and IL-1 blockers are other medical therapies [2, 12, 33, 34]. Hemorrhagic and large (hemodynamically significant) are uncommon viral causes of PE [35]. However, they are generally classified as idiopathic since a viral diagnosis needs histologic, immunologic, and or serologic evaluation, which is not usually done unless HIV or HCV infection is suspected [9].

Coxsackievirus-induced pericardial effusion
Coxsackieviruses, including types A and B, can have a wide range of clinical presentations in children and adults. Although it can cause a spectrum of symptoms from simple fever, hand-foot-mouth syndrome, up to severe life-threatening encephalitis or pericarditis, in adults, it is primarily a controllable presentation with malaise or fever, which can be treated with supportive care and NSAIDs plus colchicine [36, 37]. In the winter and fall, these infections are more observed in men [34]. Coxsackievirus B is cardiotropic and tends to involve the myocardium. This virus can involve myocardial cells chronically; it can cause severe myocarditis or even large pericardial effusions and tamponades because of myocarditis [36]. Pericardial effusion due to the Coxsackie virus can also be seen in children, and there are case reports of hemorrhagic pleural effusion in them, like the adult group [38]. Most of the time, myopericarditis, due to this virus, can be treated with anti-inflammatory medications and colchicine or other nonsteroidal anti-inflammatory treatments and steroids. However, colchicine efficacy and safety have not been approved yet in children. Massive PE and tamponade in these children are life-threatening. If needed, they should be treated aggressively with percutaneous or surgical drainage [38, 39].

HIV-virus-induced pericardial effusion
HIV can involve many aspects of the heart, including the myocardium, valve, and pericardium [40]. Pericardial effusion is seen in HIV-positive (particularly AIDS) patients more than in the average population (based on echocardiographic and autopsy studies) [41], and there is a direct correlation between the stage of the disease and the incidence of pericardial effusions. The prevalence range is between 0% in asymptomatic HIV + patients and 11% in AIDS patients. Also, the number of CD4 + lymphocytes correlates with the risk of pericardial effusion. PE is rare in non-AIDS HIV patients with normal CD4 + cells [42]. About 80% of outpatients who were HIV + have small PE (80%) and are primarily asymptomatic (87%). Hospitalized AIDS patients have a much higher prevalence of medium and large PE, attributed to its severity [41, 42].
Various hypotheses have been generated to try to explain the much higher prevalence of PE in AIDS patients. This difference may be due to a higher risk of malignancy such as lymphoma, Kaposi sarcoma, and other cancers. In some patients, it may be due to opportunistic infections, such as TB, bacterial, viral, fungal, cryptococcus, and protozoan infections. The correlation between low CD4 + cells and the risk of PE can explain the difference between the rate of infection between healthy and AIDS-positive populations [43–48]. There is also an indirect correlation between the progression of HIV and the level of serum albumin. It can be an independent predictor of the severity of the disease, mortality, and life expectancy [49]. An additional reason for the rise in PE occurrence is attributed to end-stage HIV capillary leak syndrome. This hypothesis is supported by autopsy investigations revealing a common presence of pericardial effusions, serous pleural effusions, and ascites. Elevated levels of cytokines like interleukin-2 and tumor necrosis factor, commonly observed in advanced HIV infection, are linked to capillary leak syndromes [42]. In a prospective 5-year study of 248 AIDS-positive patients, the annual incidence of PE was 11%/year, and the Relative Risk (RR) of death was 3 in AIDS + patients in comparison with HIV + patients without AIDS (CI:1.6–5.6). This finding indicates a statistically significant difference in the death rate among these groups [42].

COVID-19 virus-associated pericardial effusion
COVID-19 caused one of the most catastrophic health crises of our era, and there was a wide range of symptoms and signs which could be seen in the presentation of the COVID-19 patients. The manifestation can be a mild fever and respiratory discomfort or much more severe, such as rapid progression toward acute respiratory distress syndrome (ARDS) and death [50, 51]. Although many effective strategies have been introduced to combat the severity of the impact of COVID-19 on societies, during the last four years, several surges in the incidence of this disease have happened, and it has been a major health concern. [51]. Being well-prepared for new virus strains that might involve the population is crucial. The most vulnerable part of the population for rapid progress of the disease includes those older > 60 years, men, those with extensive lung involvement, patients with cardiac or vascular diseases, patients with a history of pericardial effusion, diabetes, and mediastinal lymphadenopathy [52–57].
Several studies have illustrated cardiac factors that can affect the prognosis or outcome of COVID-19-positive patients. In cardiac imaging, coronary vessel calcification and epicardial adipose tissue are independent prognostic factors for the worse outcome and deterioration of clinical conditions in COVID-19 patients [53, 58]. However, the prognostic effect of pericardial effusion in these patients is still a controversial issue, which has led to a lack of consistency between clinical and research studies [53].
COVID-19 can attack many kinds of tissues due to tropism through attachment to various types of receptors such as the angiotensin-converting enzyme 2 (ACE2), neuropilin-1, the tyrosine-protein kinase receptor UFO (AXL), and antibody–FcγR complexes. However, due to the high rate of asymptomatic pericardial involvement, the diagnosis of PE in this population is not adequately documented [59]. Many studies have shown that the rate of PE is much higher in COVID-19-positive patients compared to the healthy population. This difference is much more prominent in hospitalized COVID-19 patients [60]. The prevalence of PE among COVID-19-positive patients is reported to be 4% to 96% in patients with critical clinical conditions [61, 62]. Although a retrospective study showed a prevalence of 1.5% of PE among COVID-19 patients [59], another study conducted prospectively on hospitalized patients estimated this prevalence to be 15%. However, in this study, more than 90% of these PEs were mild; only 3/75 patients had moderate PE, and none of the effusions were significant [59]. There is no common consensus about the prevalence and range of severity of PE induced by COVID-19. However, the more severe the symptoms of the COVID-19 infection, the more the risk for COVID-19-associated PE [60]. Lazar M. et al. found no correlation between the severity and incidence of PE in COVID patients and the typical risk factors for severe PE, such as obesity, diabetes mellitus, and chronic kidney disease (CKD). Their results also showed among the patients with severe COVID-19 disease, 27% had PE, and all of them were mild (62.1%) or moderate (37.9%) [63].
The mechanism for developing PE in COVID-19 patients has been hypothesized, but a sole definite cause has not been identified. Several studies have demonstrated that the pericardial effusion associated with COVID-19 follows the mechanism of other cardiotropic viruses, activating systemic inflammation [64]. Elevated components of IL1 and TNF-α in these patients and the correlation between increased C-reactive protein (CRP) and the severity of PE can verify this hypothesis [65]. Other mentioned theories include the tendency of the COVID-19 virus to attach to ACE receptors in the myocardium and [63, 64] epicardial adipose tissue and elevated PAH and respiratory distress caused by this infection [66, 67]. Several factors were associated with the incidence of PE, such as the severity of pulmonary involvement, RV dysfunction, and raised BNP; however, there was a weak association between PE and mortality rate among hospitalized COVID-positive patients [16, 68]. There are reports from COVID-positive patients who had progressive PE, which resulted in tamponade [69, 70]; however, in the prospective cohort study, the rate of progression of PE among hospitalized patients was insignificant, and none of them experienced death because of PE [60].
Although there is no general agreement about the severity of the effect of PE on the prognosis of COVID-19-positive patients, it has been reported that pericarditis, which does not necessarily occur in PE, is associated with a significantly higher rate of mortality in COVID-positive patients [59]. Moreover, Lezar M. et al. noted that patients with COVID and PE had a 60% greater mortality than patients with COVID but without PE [63]. Another research found PE as a frequent finding, seldom attributable to acute pericarditis or myocarditis in hospitalized COVID-19 patients, although it was potentially linked with cardiac dysfunction and increased mortality [60]. COVID-related PE can also lead to bacterial pericarditis and purulent PE, which can result in severe clinical conditions. They should be promptly treated with pericardial drainage and potent antibiotics [71, 72]. Table 3 summarizes studies investigating PE’s association with COVID-19 infection so far.Table 3An overview of research that has explored the prevalence of PE and its relationship with outcomes in COVID-19-positive patients


	Study and Authors
	Type of study and sample size
	Prevalence of PE in COVID-positive patients
	Correlation between COVID and PE

	1. Bucher et al. [51]
	Multicenter, retrospective study in Germany with 1197 patients
	13.3%
	The presence of PE is a predictive factor for 30-day mortality, more density of involvement, and the need for ICU admission in males; no significant role in female patients

	2. Adams et al. [73]
	Systematic Review and Meta-Analysis, 3,466 patients, 28 studies
	2.7%
	PE is an atypical finding in COVID-19 patient’s chest CT scans

	3. Zhu et al. [74]
	A retrospective meta-analysis was conducted with 4121 patients, including 34 studies and 2738 patients
	0%
	PE was an atypical incidence in COVID patients. No correlation was identified between PE and the outcome of COVID

	4. Bao et al. [75]
	Systematic review and meta-analysis on 13 studies
	4.55%
	It was an atypical incidence in COVID-19 patients. No correlation was identified between PE and the outcome of COVID

	5. Eslami et al. [76]
	Prospective cohort with 87 patients
	–
	The presence or absence of PE has no predictive role in the survival and outcome of COVID-19-positive patients

	6. Abkooh et al. [77]
	Retrospective cohort study of 129 COVID-positive patients
	13%
	PE was a strong independent predictor of survival and short-term mortality

	7. Kermani-Alghoraishi et al. [16]
	A case-report-based systematic literature review on moderate to severe PEs. And they are reporting a severe tamponade due to COVID-19
	–
	COVID-19 virus was found in PE fluid. Emergency percutaneous pericardiocentesis often showed exudative patterns: hemorrhagic, serous, and serosanguinous


PE, pericardial effusion; CT, computed tomography; ICU, intensive care unit



Treatment of COVID-19 and PE is complicated, and the choice depends on several factors. In a study by Imazio M. et al., it was concluded that, unlike NSAIDS, for the treatment of pericarditis in COVID-19 patients, taking of corticosteroids, colchicine, and anakinra is not harmful with close monitoring for probable bacterial super-infectious [78].
There have been echocardiographic prognostic factors that showed an association with the death rate in patients with PE and COVID-19, such as 1) low forward flow, 2) high RV and LV filling pressure, and 3) high RV afterload [79, 80]. Based on several studies and recommendations of the European Association of Cardiovascular Imaging and the American Society of Echocardiography, significant prognostic factors in PE and COVID-Positive patients are found using focused cardiac ultrasound. Evaluating different studies, Ghantous E. et al. concluded that a combination of three factors: 1) LVEF, 2) Four-chamber Tricuspid annular plane systolic excursion (TAPSE), and 3) the presence of PE can provide an accurate prognostic factor for hospitalized COVID-Positive patients. It is more valuable than subjective clinical assessment, and in cases of overwhelming healthcare systems, this indicator can help prioritize patients with the least bias [79, 81–83]. Moreover, it is observed that an increase in serum myoglobin in patients with COVID-19 and PE is correlated with mortality, and myoglobin’s serum level is more predictive of the incidence of PE [63, 84].

TB-related pericardial effusion
The three main cardiovascular structures of tuberculosis are the pericardium, myocardium, and aorta. TB is the leading cause of pericardial effusion in low- or middle-income countries, accounting for 40–70% of PE cases. Most of these cases belong to southern Asia, sub-Saharan Africa, and the western Pacific (roughly 87% of worldwide tb-pericardial involvement cases) [85, 86]. Involvement of pericardial tissue in TB is highly associated with participation with HIV or other immune deficiency diseases [87, 88]. In a study, it has been shown that 40–75% of large pericardial effusions in TB-endemic regions are in HIV-positive patients [88, 89]. However, less than 5 percent of pericardial involvement in immunocompetent patients is due to TB [90].
Tuberculosis-related pericardial involvement can be seen in four types: 1) acute pericarditis, 2) pericardial effusion, 3) myopericarditis, and 4) constrictive pericarditis. Some patients might have two or more types of these pericardial involvements [91]. The pattern of symptoms in TB-related pericarditis depends on the severity of the involvement and the rate of fluid accumulation. When pericardium is involved, the dominant initial symptoms are fever and tachycardia. In the absence of a compensatory mechanism, if the fluid accumulates progressively and rapidly in pericardial space, it can cause severe pleural effusions, tamponade, and even death in up to 85% of cases [92, 93].
The first step in treating TB-induced pericardial effusion is the effective elimination of mycobacterium tuberculosis. Four anti-tuberculous drug regimens (rifampicin, isoniazid, ethambutol, and pyrazinamide) are the main ways to achieve this goal. They should be taken for a minimum of six months. The optimal combination of therapy depends on geographical and epidemiological features. Corticosteroids are also effective in reducing death from cardiac involvement by tuberculosis [94]. In cases of TB-related tamponade, urgent pericardiocentesis should be done. Since no favorable evidence has been reported for open surgical drainage, the treatment choice is needle pericardiocentesis and leaving a pericardial catheter in place until the effusion is stabilized [95–97].


Purulent pericardial effusion (bacterial and fungal)
Purulent pericardial effusion was more commonly seen before the emergence of antibiotics and was primarily seen in children and young adults. Nowadays, with the presence of antibiotics, advances in cardiothoracic surgeries, and widespread vaccination, its prevalence has declined dramatically [98]. The most common causes of purulent pericardial effusions are bacterial causes such as Streptococcus pneumonia, Staph aureus, Streptococcus viridians, tuberculosis, and less commonly atypical organisms such as candida and salmonella can also be detected [99, 100]. Most of the cases are immunocompromised patients with a recent history of pneumonia, cardiothoracic surgeries, bacterial endocarditis, infection in other parts of the chest or neck, intracardiac device, mediastinitis and intrathoracic cancers or septicemia [101].
The clinical manifestation of the disease might be subtle and non-specific and then change to a severe, dramatic manifestation of tamponade or CV collapse [102]. In other studies on purulent PE in children, the most presenting symptoms were fever, breathlessness, chest pain, and cough. Tachycardia, tachypnea, hepatomegaly, and distant heart sounds were dominant in their examination. In the study by Agrawal et al., tamponade was seen in 27.3% of cases, while it was more common in other previous studies (36%) [103–105]. The most common sources of infection (concomitant infections) are listed in Table 4 below. The outcome of this condition depends on medical care since it can rapidly progress to life-threatening arrhythmia and tamponade [106]. The treatment options should be promptly evaluated and performed (surgical evacuation of PE, targeted antibiotic therapy, pericardiotomy, intrapericardial streptokinase) [107]. The mortality rate with all possible treatments can be reduced to lower than 20%. However, in survivors, pericardial constriction is one of the most common complications [103, 106].Table 4Concomitant Infections and Complications in Purulent Pericardial Effusion [103]


	Associate infections
	Frequency (%)

	Empyema
	59

	Pneumonia
	22.7

	Arthritis
	18

	Pneumothorax
	9

	Para vertebral abscess
	9

	Infective endocarditis
	9

	Peritonitis
	9

	Liver Abscess
	4.5

	Osteomyelitis
	4.5

	Deep Vein Thrombosis
	4.5

	Intestinal Obstruction
	4.5

	Pancreatitis
	4.5

	Septic Shock
	4.5






Post-cardiac injury syndrome pericardial effusion (PCIS)
Post-pericardiotomy syndrome (PPS)-related pericardial effusion
An inflammatory-related condition can be commonly seen after cardiac surgeries due to pericardial and pleural damage and pericardial bleeding [110]. It typically presents a few days to several weeks after cardiac surgery with radiating pleuritic chest pain (worse with movement and breathing and causing shallow rapid breath) and intermittent low-grade fever in half of the cases [107, 110], and a friction rub in 20–30% of cases [110]. There might also be a relapse of PE 2–11 weeks after the resolution of the initial episode [111, 112]. Incidence has been reported between 21 and 29% in recent studies depending on the target population, diagnostic criteria, and type of procedure [113, 114]. It is considered an inflammatory process due to fever and the rise of inflammatory markers [115].
This condition’s most definitive risk factor is the age between 2 and 30 years (lowest incidence below two years old, highest after 2, declining after that). Other patient-related risk factors include female sex, seasonal variation (highest in the summer), lower platelet count, lower weight, halothane anesthesia, corticosteroid use, and pulmonary disease. Another important risk factor is the type of surgery. Although there is no definite agreement between studies, it has been shown that there is a correlation between the complexity and duration of the procedures and a higher incidence of PPS. Manipulation of the heart and its adjacent structures during invasive procedures is one of the reasons for pericardial bleeding and, in severe cases, hemopericardium. It can be caused by myocardial rupture or other structural trauma and lead to severe blood loss and hemodynamic deterioration [116, 117]. A more complex surgery can result in more pericardial damage, longer duration in cardiopulmonary bypass, and increased exposure to foreign materials [115]. The highest rate has been seen in aortic surgeries (especially when emergent or urgent) compared to CABG, AVR, or MVR surgeries [115]. Interestingly, diabetes mellitus appears to have a protective effect, as illustrated in prior studies, and it might have been affected by many confounders [111, 118].
Most of the time, the pericardial fluid appearance is straw-colored or serosanguinous and can contain lymphocytes, RBCs, and granulocytes [119, 120]. Due to the presence of physiologic fluid accumulation after these surgeries, differentiation of PE from the normal fluid can be difficult, but the rate of PE can be as high as 88–92% in most cases, which is primarily mild (83%), rather than moderate (13%) or significant (4%) [121]. PPS treatment, most of the time, is limited to colchicine, with or without NSAIDs. Additional therapy is needed—we generally use an IL1-inhibitor, rilonacept [122]. However, others often use corticosteroids, which can increase the risk of recurrence. However, percutaneous drainage of the accumulated fluid should be considered insignificant pericardial or pleural effusion cases [118, 121]. Although needle pericardiocentesis under the guidance of fluoroscopy or echocardiography is the treatment of choice, in selected cases, a surgical approach might be recommended in complex cases or in those in which needle aspiration might be difficult [2, 118]. A strong association exists between severe PPS and mortality, specifically the first two-year mortality [111, 123].

Post-myocardial infarction pericardial effusion
Sterile pericarditis after myocardial injury, called Dressler syndrome, is an inflammatory process due to necrosis of myocardial cells and activation of the immune system against released intracellular components [124, 125]. Although it had a high prevalence of about 3–5% in the past, with the development of revascularization techniques, the incidence is now less than 1% [126]. It usually presents nonspecific symptoms such as pleuritic chest pain (exacerbated by lying flat), fever, shortness of breath, and ECG changes. However, it can rarely become complicated with PE or even tamponade [127, 128].
Dressler’s syndrome typically manifests with pericardial effusion occurring between two to eight weeks after an acute myocardial infarction [126, 129]. The optimal management involves using nonsteroidal anti-inflammatory drugs (NSAIDs) to reduce inflammation and alleviate symptoms. In cases where NSAIDs are ineffective or contraindicated, corticosteroids may be considered. However, their use is generally reserved for more severe cases due to potential side effects. Early recognition and appropriate anti-inflammatory treatment are essential for managing symptoms and preventing complications [126, 129]. The rapid accumulation of fluid compresses the chambers. It limits the filling and expansion of the right and left heart chambers, which limits forward stroke volume and cardiac output. The consequence of the accumulation of intra-pericardial fluid and reduced stroke volume can lead to tachycardia, low blood pressure, muffled heart sounds, elevated jugular venous pressure, and CV collapse [130].

Post-electrophysiology or coronary interventions pericardial effusion
Even minor traumas to the heart, such as percutaneous coronary intervention (PCI), pacemaker insertion, or radiofrequency ablation, can result in PCIS [131–134]. While the risk of PCIS can be as high as 90% in post-pericardiotomy syndrome, it is as low as 1–5% in the implantation of heart devices and 0.2% in PCI (Fig. 4) [132–134]. The majority of PCIS cases have PE, but not all of them are symptomatic or need to be treated. In a study with 968 participants for permanent pacemaker implantation, about 10% of patients had PE a day after the procedure, less than 2% were symptomatic, and about 1.5% needed to be treated [135]. Interventional procedures such as implantable cardioverter-defibrillator (ICD) placement, Cardiac Resynchronization Therapy (CRT), and PCI can uncommonly cause severe pericardial bleeding and, in some patients, result in hemopericardium. The patient’s hemodynamic condition can deteriorate remarkably and lead to irreversible complications and death [116, 117] (Fig. 5). Although the risk factors for PCIS following PCI are unclear, some studies have shown that female gender, transvenous temporary pacemaker, insertion in the right atrium, using anti-platelet medications, and steroid use during the last seven days before the procedure are associated with an increased risk of PCIS incidence [135, 136]. The overall treatment of PCIS following these procedures is not different from the PCIS types discussed before [131].[image: ]
Fig. 4Risk of PE after different cardiovascular events [134]

[image: ]
Fig. 5Hemopericardium can be caused by interventional or surgical cardiac procedures and, in severe cases, can lead to hemodynamic deterioration, cardiovascular collapse, and even death



Autoimmune-related pericardial effusion:
Many autoimmune diseases, including rheumatologic pathologies, can present themselves with a pericardial effusion as the first presentation [17]. The most common correlation between rheumatologic diseases and pericardial effusion can be seen in Systematic Lupus Erythematosus (SLE), Rheumatoid Arthritis (RA), and Sjogren’s syndrome (SS) [11].
Pericardial effusion caused by systematic lupus erythematosus (SLE):
Lupus mainly presents with fatigue, fever, arthralgia, malaise, malar rash, photosensitivity alopecia, and weight loss [137]. The cardiac manifestations, including pericarditis, myocarditis, coronary artery disease, conduction system abnormalities, and arteritis, can commonly (up to 50%) be seen as a presentation of SLE [138]. Studies have shown the prevalence of up to 75% of pericarditis in SLE, which might be diagnosed by symptoms or incidentally. It is also one of the diagnostic criteria of SLE [138]. However, pericardial effusion is not a common initial presentation of SLE [139]. However, some studies have reported cases of women younger than 35 years old whose SLE was diagnosed after the presentation of PE as the initial complication [140, 141]. Reports of large PE or tamponade in SLE showed an incidence of about 1–2.5% [142].
In SLE, PE is often exudative. The fluid is usually clear but also serosanguinous and rarely hemorrhagic [143].
In a study, the incidence and potential contributing factors were detected by evaluating 50 asymptomatic SLE patients; 24% had PE, and there was a direct correlation between low albumin, higher proteinuria, higher CRP, higher pulmonary arterial pressure, and a higher tendency to have PR-segment depression [144]. Although 7% had large PE and 2% had tamponade reported among SLE patients, most of the cases have chronic mild to moderate PE [143]. Weich et al. evaluated eight SLE-positive large PE or tamponade patients among 258 cases and noticed a correlation between large PE, nephritis, Liebman-Sacks vegetations on echocardiography, and myocardial dysfunction [138]. In another study by Rosenbaum et al., 29% of SLE-positive patients who had PE were diagnosed with tamponade. Interestingly, some of these patients had two mutual characteristics: female gender and having lower levels of C4. Renal involvement, hemolytic anemia, and pleurisy are other predictor factors for the risk of having PE in SLE-positive patients [145, 146]. The primary diagnostic modality for pericardial effusion diagnosis in these patients is transthoracic echocardiography [146]. However, the treatment is based on the severity of the condition.
Patients with low-volume PE and minimal symptoms are observed, and most effusions in these cases spontaneously resolve. Considering the clinical and echocardiographic features, the therapeutic options in small asymptomatic cases can be observed whereas aligned with the severity of symptoms and (size of the effusion), NSAIDs, colchicine, rilonacept corticosteroids, or pericardiocentesis (in cases of tamponade) are used as potential treatments [113, 147, 148].

Sjogren syndrome-induced pericardial effusion
SS is one of the most common rheumatologic diseases, primarily seen in women (9/1 ratio), and it is caused by lymphocytic infiltrates of the exocrine glands, which cause typical xerostomia and keratoconjunctivitis sicca. It can be divided into two types: 1) Primary SS (pSS) and 2) Secondary to other rheumatologic diseases [149]. One of the most lethal complications of this disease is cerebrovascular and cardiovascular involvement [150, 151]. One of the common complications of pSS is high pulmonary arterial pressure (PAP), which is a prevalent condition in all connective tissue diseases. A study shows that 12.5% of pSS patients have high PAP, and this is highly associated with PE [152]. In a study evaluating associated factors with pulmonary arterial HTN (PAH), PE has become one of the independent risk factors, with a 31% prevalence in the PAH-positive group compared to 12.1% in the PAH-negative group. Therefore, the presence of pericardial effusion in pSS patients should alert the clinician about an increased risk for the development of PAH in the future. In another study by Farrukh et al. PE was one of the most common cardiac manifestations of pSS, with a 19.3% prevalence (following atrioventricular block and myocarditis). Most of these patients presented with chest pain, dyspnea, fever, and palpitations [150].

Pericardial effusion caused by rheumatoid arthritis (RA)
Rheumatoid arthritis (RA) shows a strong association with the occurrence of pericardial effusions. Pericardial effusion is seen in 3.6% of women and 1.7% of men with rheumatic arthritis [153]. However, diagnosis is not always straightforward due to nonspecific symptoms and a lack of agreement on a definite laboratory test to confirm the disease. It is estimated that 30% of patients with confirmed RA have concomitant pericardial effusion [154]. In a study of RA patients without any cardiovascular disease symptoms, the most common echocardiographic features in a screening study were 1) pericardial effusion, 2) aortic root dilation, and 3) valvular thickening [155]. In an echocardiographic and autopsy study, PE was prevalent in up to 50% of the RA population. [156].
Although there are typical features of PE fluid in RA, such as 1) exudative, 2) low glucose, 3) low C3 and C4 complement, 4) high lactate dehydrogenase, gamma globulin levels, and leukocytes, these diagnostic features may not be reliable as they are absent in many cases. In RA patients, the severity of joint manifestations does not reflect the incidence or likelihood of PE [157, 158]. Moreover, once occurring, TNF-alpha inhibitors cannot decrease the incidence risk of PE [158]. Recurrent PE in RA increases the risk of developing tamponade [154]. Since there is often a gradual and asymptomatic accumulation of fluid in the pericardial, an episode of RA can result in a rapid accumulation of pericardial effusion and lead to tamponade faster and more clinically catastrophic in comparison with the general population.
Although uncomplicated RA-induced pericarditis is mostly manageable with colchicine, NSAIDs, corticosteroids, and immunosuppressive medications [159], progressive PE and life-threatening tamponade should be approached by catheter-based pericardiocentesis for therapeutic and diagnostic reasons. Moreover, tamponade is an indicator of poor prognosis, severity of disease, and the necessity of controlling inflammation in this disease [160].

Scleroderma-induced pericardial effusion
Scleroderma is one of the most prevalent rheumatologic diseases in the US [161], primarily seen in women, and has a cardiac manifestation that can occur before or simultaneously with other manifestations of the disease in 32.5% of the patients [162]. The overall incidence of PE in scleroderma is about 17%. The risk of death in scleroderma patients complicated with PE is about 2.8 times higher than in cases without PE [162] and mainly occurs due to arrhythmia and severe heart failure [163]. Most of the cases of scleroderma-induced PE are manageable with anti-inflammatory medications, and percutaneous or surgical drainage should be reserved for those unresponsive to medications or with severe, life-threatening symptoms.
In systemic sclerosis, PE is mainly detected in the first year of disease diagnosis (while skin tightness and internal organ involvement are detected in the first 3–5 years) and are associated with higher mortality [164, 165]. Pericardial effusion features are less studied due to the higher risk of pericardiocentesis in this population, considering PAH and the increased elasticity of chest skin [166]. However, in a study of nine patients in Thailand, most of the patients’ PE fluid had exudative features with a low cell count and high protein and lactate dehydrogenase. The outcome of treatment for pericardial disease in these patients was poor. There was a direct correlation between pericardial effusion incidence and the rate of anti-SCL-70 positivity. Most of the PE detected were moderate, and the large effusions often developed into tamponade [167].

Eosinophilic granulomatosis with polyangiitis (EGPA) or Churg–Strauss syndrome (CSS)-related pericardial effusion:
EGPA, or CSS, is an autoimmune disease characterized by asthma, necrotizing vasculitis of small vessels, inflammation with extravascular granuloma, and hypereosinophilia. It mostly starts with pulmonary symptoms. However, it can involve other organs, such as the gastrointestinal and nervous (mostly peripheral neuropathy in the vasculitis phase) and cardiovascular systems [168–170]. Cardiac involvement in EGPA can take various forms, and the pericardium is one of the targets of this disease. This involvement can be in the form of pericarditis or variable (but mostly mild) amounts of PE. Large PE and tamponade were rare manifestations of this disease despite being reported in some cases [171]. According to some studies, cardiomyopathy and PE were the most common cardiac presentations of EGPA [172]. Pericardial involvement was reported in about 20% of these patients [173], and it was more common in ANCA-positive patients, but tamponade was rarely reported [174]. PE can seldom manifest as the first presentation of EGPA [175, 176].

Familial mediterranean fever (FMF) and pericardial effusion
FMF is an inherited (autosomal recessive) autoinflammatory disease primarily seen in Arabs, Turks, Armenians, and Jewish populations. It presents with periodic fever, pleuritis, pericarditis, and arthritis [177]. Pericardial involvement is one of FMF’s most common cardiac presentations, while a rare overall presentation (0.7–1.4%) can be pericarditis, pericardial effusion, or constrictive pericarditis [178]. Pericarditis mainly occurs as a 4-day attack and resolves spontaneously [179, 180]. Although a study demonstrated that during FMF attacks, the rate of pericarditis and PE is much higher (27%) [179], other studies show that the overall involvement of pericardium in FMF is very low (0.7% to 1.4%) [181]. This complication does not require regular monitoring. It has been reported that colchicine, NSAIDs, and corticosteroids effectively prevent and treat FMF-induced pericardial effusion [182]. However, other trials have emphasized restricting colchicine’s effectiveness to the recurrent FMF-induced PEs. They have reported cases of pericardial effusion occurrence, even in the severe form and tamponade, despite taking colchicine as a primary prevention for PE [183, 184]. Sometimes, massive PE can be a life-threatening initial presentation of FMF and should be approached with transcatheter pericardial drainage as a diagnostic and therapeutic procedure [182].



Uremic pericardial effusions
Following the increasing prevalence of hypertension, diabetes mellitus, and consequently, end-stage renal disease (ESRD), the pericardial complications of this condition have had a growing trend. The pericardial complications include pericarditis, pericardial effusions, and constrictive pericarditis. Large pericardial effusions can have significant hemodynamic complications [183]. The effusions are categorized into two categories: 1) uremic pericarditis, which starts before the initiation or during the first eight weeks of dialysis, and 2) dialysis pericardial complications, which usually start after eight weeks of dialysis [185].
Pathophysiology and the treatment of PE due to uremia and dialysis are complicated. These patients have many comorbidities, such as cardiovascular disease, inflammatory and rheumatologic processes such as lupus and hypoalbuminemia (which can alter the water loss from the body), susceptibility to various viral infections, and accumulation of nitrogen oxidative components due to kidney dysfunction, which can put them at greater risk of PE [186, 187]. The incidence of pericardial effusions is different in various studies. In one study, PE was seen in 12.9% of patients, with 6.1% and 0.7% being moderate and severe, respectively. The incidence in women was about 50% higher than men’s [188]. Another study showed an incidence of 14.3% among ESRD patients [189]. Ravi et al. estimated that dialysis-related pericardial effusions were about 44% [190]. It has been shown that most of the PEs in CKD patients are found incidentally, and most have no clinical symptoms or ECG changes. Therefore, diagnosis of PE in these patients based on their clinical condition is not feasible, and the rate of PE in CKD patients seems to be underdiagnosed [191].
Based on the absence of suggestive signs and symptoms for diagnosing PE in CKD patients, having laboratory data helps physicians as a guide for detecting more vulnerable patients to PE. It seems to be very practically useful [191–193]. Unexpectedly, none of the kidney function (BUN, CR, GFR) indicators have demonstrated any significant correlation with the incidence of PE [191, 193]. Ravi et al. identified that heart rate > 100, potassium level > 5 mEq/L, and corrected calcium level < 8 mEq/dL were the predictors of the occurrence of PE, while only corrected calcium level < 8 was the only highly sensitive predictor of moderate to severe PE. Concerning the progression of hyperkalemia and hypocalcemia with deterioration of renal failure, increased incidence and volume of PE are expected [190]. This would be a helpful information for screening of the patients with CKD. If they have any of these three factors, they will be a candidate for TTE, which is not feasible for all patients [190].
Interestingly, the presence or absence of PE does not significantly affect the survival rate or complications. If PE is not life-threatening or reducing the quality of life, treatment for these patients is still chosen based on kidney functions, not pericardial effusion [193]. The mainstay of the treatment of PE due to uremia is initiating dialysis, and more than half of these patients respond to intensive hemodialysis [2, 194]. Moreover, if the response is unsatisfactory, other methods, such as pericardiocentesis, pericardial window, and pericardiectomy, should also be considered [2, 195]. As with different types of PE, whenever the PE is severe or the symptoms of tamponade are seen, treatment should be conducted as soon as possible and opted based on the available facilities, the patient’s clinical condition, and the expertise of available physicians.

Drug-related pericardial effusion
Several medications can cause pericarditis and pericardial effusions, but the incidence of this type of PE is infrequent [6]:	1.
Procainamide, hydralazine, isoniazid, and phenytoin (lupus-like syndrome),

 

	2.
Penicillin’s (hypersensitivity pericarditis with eosinophilia),

 

	3.
Doxorubicin and daunorubicin (although often associated with a cardiomyopathy, they can also involve pericardial tissue and space).

 

	4.
Minoxidil.

 

	5.
Immunosuppressive therapies (methotrexate, cyclosporine).

 





Non-inflammatory pericardial effusions
Neoplastic pericardial effusions:
Malignancies are the second leading cause of etiology-established pericardial effusion in developed countries (10–25%). The leading cause of neoplastic pericardial effusions is the spread of metastatic cells through the blood or lymphatic circulation system into the pericardium. Alternatively, inflammation involving the pericardium, radiation or chemotherapeutic therapy toxicity, or opportunistic infections following immunocompromised can result in pericardial [196, 197]. Pericardial effusions can be seen in up to 15–30% of patients with cancer at autopsy, while this percentage of people without cancer is roughly 4% [197]. Lung (35%), breast (25%), and lymphoma and leukemia (15%) are the most common metastatic cancers that can cause PE, and other malignancies such as the esophagus, Kaposi’s sarcoma, and melanoma are the next causes [198, 199].
The clinical manifestations of neoplastic PE vary widely depending on the volume and rate of filling of the pericardium. PE can be asymptomatic when the fluid volume is minimal and is slowly accumulating. On the other hand, a high volume and rapid accumulation results in symptomatic cases such as arrhythmia, cardiovascular collapse, and death due to tamponade [200]. Neoplastic diseases can cause cardiac pathologies with different acuities and consequences. The cardiac presentation can be rapid and fulminant such ass tamponade. Such complications need to be approached emergently as potential causes of cardiovascular collapse and death. Constrictive pericardial disease is a condition that is generally chronic, but it needs to be diagnosed, and it is usually treated with pericardiectomy. Mild and moderate pericardial effusion or pericarditis are less acute and give more time to patients and physicians to treat or control them [198]. The treatment of pericardial effusion due to cancer includes relieving the symptoms and preventing the reaccumulating of fluid [201]. Percutaneous pericardiocentesis is the mainstay of the treatment and, at the same time, an excellent diagnostic procedure [202, 203]. Pericardial effusion has significant prognostic implications for cancer patients. There is a high risk of recurrence of PE (about 90% in 90 days) if pericardiocentesis is done without prolonged pericardial drainage. In a study from Cedars-Sinai Medical Center, the overall recurrence rate of 11.8 ± 0.6 months after pericardiocentesis was 20%, and the mean interval to recurrence was 1.2 ± 2.1 months. However, patients with extended catheter drainage had a reduced recurrence rate of 12% compared to 52% in patients without extended drainage (p < 0.001) [202, 204, 205].

Metabolic pericardial effusions
Hypothyroidism-induced pericardial effusion:
Thyroid dysfunction can affect the heart in many aspects, including contractility, rate and rhythm, vascular lining features, blood pressure, and the pericardium [206]. PE is one of the main cardiovascular complications of hypothyroidism. The incidence of PE ranges from 3 to 37% (Fig. 6) [207–209]. There is a direct correlation between the severity of hypothyroidism, PE incidence, and its severity [207–209]. Less than one-third of these cases are large PEs [210].[image: ]
Fig. 6Percentage of pericardial effusion among hypothyroid patients


There are three main hypotheses according to the etiology of PE due to hypothyroidism:	1.
Hypothyroidism causes increased vessel permeability; pericardium-supplying vessels are permeable to albumin, and albumin accumulation in the pericardial space increases the space’s osmolarity, causing more water to be absorbed [211].

 

	2.
Hypothyroidism causes decreased catecholamine levels (catecholamines’ role is to increase lymph flow; therefore, the impaired lymphatic system cannot efficiently drain pericardial space) [210, 212].

 

	3.
Hypothyroidism can cause PAH. The pressure on the right side of the heart is elevated, and fluid accumulates in the pericardial space and is not drained [213].

 




The pericardial space can contain about 1000 ml of fluid without any symptoms if the accumulation is very gradual, as in the case of hypothyroidism-induced PE. Therefore, this kind of PE usually has no symptoms [209, 212]. However, after a certain amount of pericardial effusion, the symptoms emerge and become worse, even as severe as cardiovascular collapse and death, even with a small addition of fluid (Table 5) [214, 215].Table 5Clinical findings in patients with hypothyroidism-induced Severe PE


	Variable
	Finding

	Symptoms
	Shortness of breath (61%)
Chest pain (25%)
Paradoxical pulse (22%)
Cough (14%)

	Electrocardiogram
	Low voltages (42–50%)
T wave Inversion (22%) or Flattening (47%)
Sinus Bradycardia (20%)

	Chest X-Ray
	Cardiomegaly

	Echocardiography
	Large Pericardial Effusion (30%)
Tamponade Physiology (50%)

	Laboratory
	Increased TSH




The definitive treatment of PE in these patients is levothyroxine until the euthyroid state becomes established [216, 217]. However, the PE usually resolves in several weeks or months after achieving a euthyroid state. In cases of tamponade or inflammatory symptoms, drainage and anti-inflammatory medications are indicated [215, 217]. It has been reported that not all instances of tamponade need to be drained, and the hypothyroidism treatment might be enough for the treatment of tamponade; however, this situation should be carefully monitored [17, 217].

Pericardial effusion due to severe protein deficiency:
Any severe protein deficiency, such as nephrotic syndrome, cirrhosis, anorexia nervosa, and malnutrition, can cause pericardial effusion [17, 218]. Protein deficiency due to malnutrition is mainly seen in the children of sub-Saharan African countries [218]. Although the most common reason for adult PE in these regions is TB, children with a diagnosis of PE should be evaluated for malnutrition. Since malnutrition is frequently accompanied by concomitant diseases such as HIV and TB, determining which one is the cause of PE is not easy [219]. One way to differentiate malnutrition-induced PE from chronic infection-induced PE is by treating malnutrition, which will cause improvement in the first reason of PE and worsen in the latter [220]. The other distinguishing factor between these two kinds of PE is the evaluation of peripheral edema. Considering the mutual etiology between PE and peripheral edema in the case of malnutrition-induced PE, there is a direct correlation between the incidence and severity of these two. This feature would be helpful in regions such as Africa, where patients with both infections, such as HIV and TB, can have concomitant malnutrition. If the PE is accompanied by peripheral edema, it can be attributed to malnutrition. In contrast, those without peripheral edema have a higher chance of infectious PE. This means such signs and symptoms can distinguish infectious PE due to TB or HIV from malnutrition-induced PE [219].
The reasons why protein deficiency can cause PE are numerous, such as hypoalbuminemia-caused extravasation of fluid from vessels, increased permeability of fluids due to decreased osmotic pressure, congestive heart failure, and changes in the hemostasis of water and salt in the kidneys [219]. One of the theories is that muscle waste and consequent heart failure are due to the lack of micronutrients. Therefore, deficiency of thiamin and selenium, reversible causes of congestive heart failure, has shown to be partially effective in these cases [221–223].



Traumatic pericardial effusion
Traumatic PEs are the next cause of noninflammatory pericardial effusion. The leading cause among this group is iatrogenic PE (15–20% of overall cases) [2, 14]. The management of traumatic pericardial effusion primarily focuses on prompt drainage to prevent cardiac tamponade, a life-threatening condition. While medical therapy is essential for treating underlying causes of pericardial effusion, its role in traumatic cases is limited [2]. Treatment for pericardial effusion depends on factors such as the amount of fluid buildup, the cause of the effusion, and the presence or risk of cardiac tamponade. In cases of traumatic pericardial effusion, immediate drainage procedures like pericardiocentesis or surgical creation of a pericardial window are often necessary to relieve pressure on the heart. Medical therapies, such as anti-inflammatory medications, are more applicable in non-traumatic pericardial effusions where inflammation is the primary cause. Therefore, in the context of traumatic pericardial effusion, medical therapy serves a supportive role, with surgical intervention being the cornerstone of effective management [2, 224].
Iatrogenic pericardial effusion
Almost one-fifth of tamponade cases are due to iatrogenic reasons, including surgical and nonsurgical. These reasons can be categorized as 1) nonprocedural, such as fibrinolytic therapy, antithrombotic therapy, or anti-cancer drugs, and 2) procedural cases, including percutaneous coronary interventions, percutaneous valvuloplasty, ablation with a catheter, and implantation of a pacemaker [223, 225]. Considering the increasing number of cardiac catheterizations, the rate of iatrogenic causes of pericardial effusion due to these procedures has become more prevalent [225]. A study in China showed that almost 10% of moderate and severe PEs are due to iatrogenic causes [23]. The difference between these types of PEs and others is that these are rapidly expanded and changed to cardiac tamponade, primarily due to the perforation of the coronary sinus or atrium during catheter ablation. The risk is higher in women and patients with tachycardia [23, 217].
Another procedure that can lead to cardiac tamponade or severe pericardial effusion is central venous catheter insertion. Pericardial effusion occurs in less than 1% of adults and 1–3% of infants undergoing these procedures [217]. The smaller dimension of the body and the length of the catheter, which are larger and have a greater risk of causing injury to the cardiac cavities or inner cardiac wall, seem to be the reasons for this remarkably higher incidence in children [226]. The main factor associated with the increased risk of this incident is accessing a cephalic, basilic, or brachial vein compared with less risk in central veins. Moreover, inappropriate skin fixation and suturing of the catheter, angle, and positioning (more risk with 90 degrees to the wall), non-curved and metallic guidewire type, and rigid catheter material are other factors that can influence the risk of these events [226].
There are non-cardiovascular iatrogenic causes of PEs and tamponade, mainly caused by injury to the diaphragm’s dome, such as hiatal and anti-reflux surgeries, graft fixation, mechanical hernia repairs, and laparoscopic surgeries [223, 227]. Generally, iatrogenic PE and tamponade can occur due to a physician’s negligence, inexperience, malpractice, or even an unavoidable surgical complication. Although more experienced surgeons might experience cardiac tamponade in their operating room. The risk factors of iatrogenic PE or tamponade include urgency to finish the procedure, human errors, and limited operator experience and/or skill. Therefore, post-incidence evaluation to determine the cause is crucial to avoid the recurrence of these complications [223].

Penetrating trauma-caused pericardial effusions
Most patients with traumatic PEs die at the scene or during transportation, and their survival rate is estimated at 6% [228]. Those who reach the hospital alive have almost always small tears in the cardiac wall, a clot that occludes the rupture, or an opening from the pericardium to other spaces in the chest that prevents the accumulation of blood in the pericardial space [224]. Based on the higher mortality before reaching the hospital, this condition also remained frequently undiagnosed due to severe concomitant injuries. Therefore, the statistics about the occurrence of these conditions remain inconsistent and inaccurate [229, 230]. One of the reasons for the catastrophic mortality rate of penetrating heart traumas is the anatomic position of the heart, which makes it vulnerable to even abdominal traumas. The frequency of rupture among various heart parts is different [231]. The right and left ventricles are injured approximately 40% of the time, the right atrium approximately 24%, and the left atrium approximately 3% of the time [230]. Various diagnostic and therapeutic approaches exist for those who reach the hospital alive. Among those, Focused Assessment with Sonography in Trauma (FAST) is the optimal diagnostic, and pericardial window is the optimal therapeutic method [228].

Blunt trauma-caused pericardial effusions
The incidence of heart wall rupture in blunt chest trauma is reported to be ranging from 0.5 to 2% in various studies [232–234]. Moreover, studies have shown that moderate-to-severe significant post-traumatic PE, delayed PE, and tamponade can occur following blunt chest trauma [235, 236]. The central pillar of treatment in blunt-trauma-caused PEs has been surgical methods due to the high probability of cardiac rupture (by subxiphoid, thoracotomy, or sternotomy approach) [224]. On the other hand, some studies recommend non-surgical treatments in selected patients with stable hemodynamics and have shown that this approach is not inferior compared to surgical choices [224, 237, 238]. Although traumatic aortic rupture to the free space of the chest is a fatal condition with a mortality of 97–100% [239], traumatic aortic rupture or dissection can also occur in retrograde expansion and cause confined bleeding into the pericardium and pericardial effusion. Detection of ascending aorta aneurysm and pericardial effusion after trauma should make the physician suspicious of aortic rupture or dissection, which needs immediate surgical evaluation management of the aortic dissection as pericardial drainage may result in a higher BP and lead to a worsening of the effusion/ tamponade [239].

Hemodynamic pericardial effusions
It is important to note that these types of pericardial effusions are often mild due to gradual and limited progression [240, 241].
Heart failure
Approximately 12–20% of heart failure (HF) cases can be accompanied by pericardial effusions [242]. Branches of the internal mammary arteries and the musculophrenic arteries provide arterial supply to the pericardium. Venous drainage of the pericardium is via the pericardiophrenic vein, which empties into the internal thoracic vein, the left superior intercostal vein, or directly into the left brachiocephalic vein [242].
Fluid can accumulate in the pericardium space due to increased venous pressure. Conditions such as HF and cirrhosis can cause congestion of venous returns, dysfunction of lymphatic drainage, and decreased fluid reabsorption, which can finally result in pericardial effusion. Since these patients experience chronic fluid accumulation in the pericardium space, they are mostly asymptomatic, and PE diagnosis occurs as an incidental finding during evaluation for other reasons [242].

Pulmonary hypertension
With the same mechanism, the pressure on the right ventricle will also be raised when the PAP is increased. This pathologic condition is called PAH and is one of the five groups of pulmonary hypertension [243]. PAH can be divided into two subgroups: Idiopathic PAH, which is caused without any known specific reason, and secondary PAH, due to connective tissue disorders, HIV, and other reasons [244]. It has been shown that echocardiographic features such as right ventricle dysfunction and moderate and severe PE presence can be associated with a higher mortality rate. PAH can be accompanied by fluid accumulation in the pericardial space, lack of appropriate drainage by the reabsorbing system, and various degrees of PEs [244]. The treatment of PE in these cases depends on the cause of increased PE, and there is a wide inconsistency between the results of various studies [244]. Those with primary PAH will benefit from medications that can decrease this pressure, such as sildenafil and bosentan; anti-inflammatory medications may reduce inflammation and improve rheumatologic causes. Some evidence emphasizes the better outcome of transcatheter drainage of pericardial effusion. The medical team should decide based on the patient’s condition and after considering all therapeutic strategies [245].

Nephrotic syndrome
Hypoalbuminemia is one of the most common conditions in critically ill patients. It can be caused by decreased nutrient intake, insufficient albumin synthesis, loss of protein more than usual, such as nephrotic syndrome, and other causes, such as burns or sepsis [246]. In cases such as nephrotic syndrome, it can cause increased hydrostatic pressure in the venous drainage of the body. Therefore, fluid reabsorption can be disturbed, and fluid accumulation in various spaces is typical in these cases. PE is one of the consequences of this condition [247]. Therefore, to resolve the PE caused by this condition, the underlying cause of the process should be treated, and albumin in the serum should be regulated as much as possible. On the other hand, like other cases of large PEs or tamponade, transcatheter pericardiocentesis is the mainstay of therapy, with surgical drainage as an option in those not amenable to the less invasive approach for pericardial drainage [247].

General diagnostic methods of pericardial effusions
Electrocardiographic features such as electrical alternans, low-voltage QRS waves, and tachycardia, along with CXR findings, can be helpful for the diagnosis of PE. However, transthoracic echocardiography (TTE) is still the first line for diagnosis, considering its availability, lack of radiation exposure, and relatively low cost. [198]. It is also very helpful for determining the size of the PE. However, based on the patient’s condition and the suspected diagnosis, other methods such as transesophageal echocardiography (TEE), computer tomography scan (CT scan), and magnetic resonance imaging (MRI) might also be performed to assess the size. These methods all have their indications, positive and negative points (Table 6). Both CT scans and MRI have an excellent capability to differentiate the pericardium and its pathologies from the adjacent tissues. They are also very useful in measuring the thickness of the pericardium [24–26].Table 6Positive and negative aspects of diagnostic modalities for PE


	Imaging modality
	Main indications and advantages
	Main disadvantages

	Echocardiography
	First and most common diagnostic method due to:
Availability,
Safety,
low cost,
applicability at the bedside
Widely used for follow-up of PE
	Not well-performed in tissue characterization
Dependent on the skills of the operator
Restricted ability in cases of obesity, obstructive lung diseases, and after cardiothoracic surgery
Limited window and narrow field of view

	CT scan
	Better anatomical visualization compared to echocardiography
Suitable in cases of the possibility of the presence of pathology in adjacent tissues or organs, such as cancers
Used for the planning before cardiothoracic surgeries
High performance in the detection of pericardial calcifications
	Use ionizing radiation or contrast (in cases needing anatomical evaluation). Therefore, it is mostly possible for retrospective gated studies
It is only practical in hemodynamically stable patients and those who can hold their breaths
The temporal resolution is limited

	MRI
	It is mostly used for better anatomical evaluation and characterization
	Specific features are required, such as hemodynamic stability, being able to hold breaths, and GFR ≥ 30 in cases of Gadolinium-contrast need
Not possible in some cases with metal devices in the thorax, such as some pacemakers or defibrillators
Not capable of visualizing lung tissue or calcification with an appropriate sensitivity and quality
High cost and lower availability





Differentiation between pericardial effusion and pericarditis
In many cases, pericardial effusion and pericarditis coexist. Their management often requires addressing the underlying etiology and monitoring for complications such as cardiac tamponade or chronic pericardial constriction [2, 19]. However, there are essential differences between these two pathologic circumstances (Table 7).Table 7Depicts a summarized comparison between pericardial effusion and pericarditis features


	Features
	Pericarditis
	Pericardial Effusion

	Primary pathology
	Inflammation of the pericardium
	Fluid accumulation in the pericardial sac

	Chest pain
	Sharp, pleuritic, positional
	Dull, non-positional

	Friction rub
	Present
	Absent

	ECG findings
	Widespread ST-elevation, PR-depression
	Low voltages or electrical alternans

	Imaging
	Pericardial thickening/enhancement (CT/MRI)
	Fluid detection (echo)

	Inflammatory markers
	Elevated
	Normal or elevated

	Management focus
	Anti-inflammatory therapy
	Fluid drainage if severe; treat cause





Role of autoimmune markers in the diagnosis and follow-up of pericarditis
Biomarkers have shown practical application in diagnosing, determining prognosis, and treating pericarditis. The study highlights the significant role of autoimmune markers, particularly anti-heart autoantibodies (AHA) and anti-intercalated disk autoantibodies (AIDA), in the etiology and recurrence of idiopathic recurrent acute pericarditis (IRAP). These markers were significantly more prevalent in IRAP patients compared to controls, supporting an autoimmune mechanism underlying the disease. AIDA positivity was associated with increased recurrences, hospitalizations, and refractory symptoms, while high-titer AHA correlated with prolonged disease duration and frequent relapses. These findings suggest that AHA and AIDA are valuable non-invasive biomarkers for diagnosing IRAP, predicting disease severity, and potentially guiding personalized immunosuppressive treatments [108].
The management of pericarditis involves a guideline-based approach primarily endorsed by the European Society of Cardiology (ESC) [2, 19]. First-line therapy includes nonsteroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen and aspirin, combined with colchicine, which is pivotal in reducing recurrence rates. Corticosteroids are reserved for specific scenarios, such as NSAID intolerance or contraindications. For cases resistant to colchicine or dependent on steroids, anti-interleukin-1 (anti-IL-1) therapies, such as anakinra, are recommended. These agents have shown efficacy in colchicine-resistant and refractory pericarditis. Adherence to proper dosages and tapering protocols as per ESC guidelines significantly impacts treatment success and recurrence prevention. Recent evidence underscores the need for careful patient selection for anti-IL-1 therapy, particularly in recurrent, colchicine-resistant cases, to achieve stable remission and avoid overtreatment [109].

General therapeutic approach towards pericardial effusions
Treatment of pericardial effusion is planned based on the size, consequences, and etiology (Fig. 7). If the fluid volume exceeds a determined threshold, the filling process of the heart chambers and cardiac output declines [27]. In 2015, ESC guidelines stated that pericardiocentesis was the class I recommended for moderate to large PEs. It can be performed under local anesthesia with fluoroscopic or echocardiographic guidance [2]. Echocardiographic guidance is widely accessible, straightforward, and safe when done by experienced operators. It is most safely done at the bedside in the ICU or the cardiac catheterization lab. The common complications of this therapeutic method are related to trauma from the pericardiocentesis needle and include 1) ventricular tachycardia, 2) injury to intercostal vessels, 3) chamber laceration, and 4) pneumothorax, and rarely 5) iatrogenic infection [28].[image: ]
Fig. 7General therapeutic approach to traumatic and non-traumatic PE [27]


However, in a small percentage of cases with a high risk of pericardiocentesis or previously failed pericardiocentesis, another therapeutic option is the placement of a pericardial window. This surgical approach is usually performed to prevent reaccumulation of fluid in cases with recurrent pericardial effusions but can also be the only feasible approach in loculated posterior effusions. By removing a portion of the pericardium, pericardial fluid is drained into the pleural (trans-pleural drainage) or mediastinal space (subxiphoid drainage). The latter method is preferred because it is associated with less post-surgical pain, although the recurrence risk may be higher than trans-pleural drainage [27]. Both open-surgical and video-fluoroscopic approaches are options [29–31].



Conclusion
Pericardial effusions are primarily categorized into inflammatory and non-inflammatory cases. This classification and the severity of the conditions determine the therapeutic plan. An essential consideration in understanding the epidemiology of the disease is the geographical region and country of residence. Not all pericardial effusions require evaluation to determine the cause. In developed countries, they are mainly categorized as idiopathic, believed to be associated with temporary viral infections. The second and third most common reasons are diagnosed diseases and malignancies. Conversely, in developing countries, tuberculosis remains the primary cause of the disease. These epidemiological factors can assist health decision-makers in approaching disease prevention and treatment. On a smaller scale, they empower physicians to make informed decisions for patient treatment when there is insufficient time to investigate the cause of pericardial effusion or when such investigation is not rationalized based on cost–benefit considerations. History, physical examination, and echocardiography constitute the main pillars of diagnosis. Treatment can range from observation to percutaneous or surgical procedures depending on the etiology and severity of fluid accumulation.

Acknowledgements
None.

Author contributions
P.E., H.T., P.B., F.R., R.S., M.M., K.H, and F.SH contributed to the conceptualization, resource data curation and analysis, project administration, and writing of the initial draft, supervision, validation, visualization, investigation, methodology, software, and revision of the final draft of the manuscript. All authors read and approved the final manuscript.

Funding
No funds were received for this study.

Data availability
The corresponding author can provide further data upon reasonable request due to privacy/ethical restrictions.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by-nc-nd/​4.​0/​.

References
	1.
Shabetai R. Pericardial effusion. In: Shabetai R, editor. The Pericardium. Boston: Springer US; 2003. p. 87–120. https://​doi.​org/​10.​1007/​978-1-4419-9137-9_​3.Crossref


	2.
Adler Y, Charron P, Imazio M, Badano L, Barón-Esquivias G, Bogaert J, et al. 2015 ESC guidelines for the diagnosis and management of pericardial diseases. Eur Heart J. 2015;36(42):2921–64.PubMed


	3.
Willner DA, Goyal A, Grigorova Y, Kiel J. Pericardial Effusion. 2023.


	4.
Savage DD, Garrison RJ, Brand F, Anderson SJ, Castelli WP, Kannel WB, et al. Prevalence and correlates of posterior extra echocardiographic spaces in a free-living population based sample (the Framingham study). Am J Cardiol. 1983;51(7):1207–12.PubMed


	5.
Sagristà-Sauleda J. Diagnosis and management of pericardial effusion. World J Cardiol. 2011;3(5):135.PubMedPubMedCentral


	6.
Imazio M, Adler Y. Management of pericardial effusion. Eur Heart J. 2013;34(16):1186–97.PubMed


	7.
Imazio M, Brucato A, Mayosi BM, Derosa FG, Lestuzzi C, Macor A, et al. Medical therapy of pericardial diseases. J Cardiovasc Med. 2010;11(10):712–22.


	8.
Jung HO. Pericardial effusion and pericardiocentesis: role of echocardiography. Korean Circ J. 2012;42(11):725.PubMedPubMedCentral


	9.
Lazaros G, Imazio M, Tsioufis P, Lazarou E, Vlachopoulos C, Tsioufis C. Chronic pericardial effusion: causes and management. Can J Cardiol. 2023;39(8):1121–31.PubMed


	10.
Flint N, Siegel RJ. Echo-guided pericardiocentesis: When and how should it be performed? Curr Cardiol Rep. 2020;22(8):71.PubMed


	11.
Basile EJ, Thompson I, Rafa O, Hanna ME, Sareen NJ. Hemorrhagic pericardial effusion as the presenting symptom of newly diagnosed rheumatoid arthritis. Cureus. 2022. https://​doi.​org/​10.​7759/​cureus.​31123.CrossrefPubMedPubMedCentral


	12.
Imazio M, Gaita F, LeWinter M. Evaluation and treatment of pericarditis. JAMA. 2015;314(14):1498.PubMed


	13.
Gentry J, Klein AL, Jellis CL. Transient constrictive pericarditis: current diagnostic and therapeutic strategies. Curr Cardiol Rep. 2016;18(5):41.PubMed


	14.
Pennacchioni A, Nanni G, Sgura FA, Imberti JF, Monopoli DE, Rossi R, et al. Percutaneous pericardiocentesis for pericardial effusion: predictors of mortality and outcomes. Intern Emerg Med. 2021;16(7):1771–7.PubMedPubMedCentral


	15.
Luk A, Clarke B, Dahdah N, Ducharme A, Krahn A, McCrindle B, et al. Myocarditis and pericarditis after COVID-19 mRNA vaccination: practical considerations for care providers. Can J Cardiol. 2021;37(10):1629–34.PubMed


	16.
Kermani-Alghoraishi M, Pouramini A, Kafi F, Khosravi A. Coronavirus disease 2019 (COVID-19) and severe pericardial effusion: from pathogenesis to management: a case report based systematic review. Curr Probl Cardiol. 2022;47(2): 100933.PubMed


	17.
Vakamudi S, Ho N, Cremer PC. Pericardial effusions: causes, diagnosis, and management. Prog Cardiovasc Dis. 2017;59(4):380–8.PubMed


	18.
Magro P, Carvalho N, Anjos R, Neves J. Coronary artery bypass grafting in a child with Kawasaki disease. Revista Portuguesa de Cardiologia (English Edition). 2021;40(7):519.e1-4.


	19.
Klein AL, Wang TKM, Cremer PC, Abbate A, Adler Y, Asher C, et al. Pericardial diseases. JACC Cardiovasc Imag. 2024;17(8):937–88.


	20.
Levy PY, Corey R, Berger P, Habib G, Bonnet JL, Levy S, et al. Etiologic diagnosis of 204 pericardial effusions. Medicine. 2003;82(6):385–91.PubMed


	21.
Corey GR, Campbell PT, Van Trigt P, Kenney RT, O’Connor CM, Sheikh KH, et al. Etiology of large pericardial effusions. Am J Med. 1993;95(2):209–13.PubMed


	22.
Reuter H, Burgess LJ, Doubell AF. Epidemiology of pericardial effusions at a large academic hospital in South Africa. Epidemiol Infect. 2005;133(3):393–9.PubMedPubMedCentral


	23.
Ma W, Liu J, Zeng Y, Chen S, Zheng Y, Ye S, et al. Causes of moderate to large pericardial effusion requiring pericardiocentesis in 140 Han Chinese patients. Herz. 2012;37(2):183–7.PubMed


	24.
Yared K, Baggish AL, Picard MH, Hoffmann U, Hung J. Multimodality imaging of pericardial diseases. JACC Cardiovasc Imag. 2010;3(6):650–60.


	25.
Hoey ETD, Shahid M, Watkin RW. Computed tomography and magnetic resonance imaging evaluation of pericardial disease. Quant Imaging Med Surg. 2016;6(3):274–84.PubMedPubMedCentral


	26.
Verhaert D, Gabriel RS, Johnston D, Lytle BW, Desai MY, Klein AL. The role of multimodality imaging in the management of pericardial disease. Circ Cardiovasc Imaging. 2010;3(3):333–43.PubMed


	27.
Yamani N, Abbasi A, Almas T, Mookadam F, Unzek S. Diagnosis, treatment, and management of pericardial effusion—review. Ann Med Surg. 2022. https://​doi.​org/​10.​1016/​j.​amsu.​2022.​104142.Crossref


	28.
Tsang TSM, Enriquez-Sarano M, Freeman WK, Barnes ME, Sinak LJ, Gersh BJ, et al. Consecutive 1127 therapeutic echocardiographically guided pericardiocenteses: clinical profile, practice patterns, and outcomes spanning 21 years. Mayo Clin Proc. 2002;77(5):429–36.PubMed


	29.
Mori S, Bertamino M, Guerisoli L, Stratoti S, Canale C, Spallarossa P, et al. Pericardial effusion in oncological patients: current knowledge and principles of management. Cardio-Oncol. 2024;10(1):8.


	30.
Lee J, Kim K, Cho IS, Ha JW, Shim CY. Pericardiocentesis versus pericardial window surgery in malignant pericardial effusion: trends and clinical outcomes. Euro Heart J. 2023. https://​doi.​org/​10.​1093/​eurheartj/​ehad655.​056.Crossref


	31.
Pulle MV, Bansal M, Asaf BB, Puri HV, Bishnoi S, Kumar A. Safety and feasibility of thoracoscopic pericardial window in recurrent pericardial effusion—a single-centre experience. J Minimal Access Surg. 2024;20(1):19–23. https://​doi.​org/​10.​4103/​jmas.​jmas_​144_​22.Crossref


	32.
Siak J, Flint N, Shmueli HG, Siegel RJ, Rader F. The use of colchicine in cardiovascular diseases: a systematic review. Am J Med. 2021;134(6):735-44.e1.PubMed


	33.
Chiabrando JG, Bonaventura A, Vecchié A, Wohlford GF, Mauro AG, Jordan JH, et al. Management of acute and recurrent pericarditis. J Am Coll Cardiol. 2020;75(1):76–92.PubMed


	34.
Hamasaki A, Uchida T, Yamashita A, Akabane K, Sadahiro M. Cardiac tamponade caused by acute coxsackievirus infection related pericarditis complicated by aortic stenosis in a hemodialysis patient: a case report. Surg Case Rep. 2018;4(1):141.PubMedPubMedCentral


	35.
Imazio M, Demichelis B, Parrini I, Giuggia M, Cecchi E, Gaschino G, et al. Day-hospital treatment of acute pericarditis. J Am Coll Cardiol. 2004;43(6):1042–6.PubMed


	36.
Kandah F, Dhruva P, Ruiz J, Martinez A, Kogler W. Coxsackievirus B infection presenting as a hemorrhagic pericardial effusion causing tamponade. J Geriatr Cardiol. 2020;17(10):642–4.PubMedPubMedCentral


	37.
Hosier DM. Serious coxsackie infection in infants and children. AMA J Dis Child. 1958;96(3):251.PubMed


	38.
Maram KP, Kudumula V, Paturi VRR. Coxsackie B viral infection presenting with hemorrhagic pericardial effusion and pleural effusion. Ann Pediatr Cardiol. 2022;15(1):87–9.PubMedPubMedCentral


	39.
Alabed S, Pérez-Gaxiola G, Burls A. Colchicine for children with pericarditis: systematic review of clinical studies. Arch Dis Child. 2016;101(10):953–6.PubMed


	40.
Himelman RB, Chung WS, Chernoff DN, Schiller NB, Hollander H. Cardiac manifestations of human immunodeficiency virus infection: A two-dimensional echocardiographic study. J Am Coll Cardiol. 1989;13(5):1030–6.PubMed


	41.
Lewis W. AIDS: Cardiac findings from 115 autopsies. Prog Cardiovasc Dis. 1989;32(3):207–15.PubMed


	42.
Heidenreich PA, Eisenberg MJ, Kee LL, Somelofski CA, Hollander H, Schiller NB, et al. Pericardial effusion in AIDS. Circulation. 1995;92(11):3229–34.PubMed


	43.
Holtz HA. Actinomycetales infection in the acquired immunodeficiency syndrome. Ann Intern Med. 1985;102(2):203.PubMed


	44.
Schuster M, Valentine F, Holzman R. Cryptococcal pericarditis in an intravenous drug abuser. J Infect Dis. 1985;152(4):842–52.PubMed


	45.
Monsuez JJ, Kinney EL, Vittecoq D, Kitzis M, Rozenbaum W, d’Agay MF, et al. Comparison among acquired immune deficiency syndrome patients with and without clinical evidence of cardiac disease. Am J Cardiol. 1988;62(17):1311–3.PubMed


	46.
Holladay AO, Siegel RJ, Schwarfz DA. Cardiac malignant lymphoma in acquired immune deficiency syndrome. Cancer. 1992;70(8):2203–7.PubMed


	47.
Stotka JL, Good CB, Downer WR, Kapoor WN. Pericardial effusion and tamponade due to Kaposi’s Sarcoma in acquired immunodeficiency syndrome. Chest. 1989;95(6):1359–61.PubMed


	48.
Cegielski JP, Lallinger GJ, Ramaiya K, Mtulia IA, Mbaga IM. Pericardial disease and human immunodeficiency virus in Dar es Salaam. Tanzania Lancet. 1990;335(8683):209–12.PubMed


	49.
Guenter P, Muurahainen N, Simons G, Kosok A, Cohan GR, Rudenstein R, et al. Relationships among nutritional status, disease progression, and survival in HIV infection. J Acquir Immune Defic Syndr. 1988;6(10):1130–8.


	50.
Hu Y, Sun J, Dai Z, Deng H, Li X, Huang Q, et al. Prevalence and severity of corona virus disease 2019 (COVID-19): a systematic review and meta-analysis. J Clin Virol. 2020;127: 104371.PubMedPubMedCentral


	51.
Bucher AM, Henzel K, Meyer HJ, Ehrengut C, Müller L, Schramm D, et al. Pericardial effusion predicts clinical outcomes in patients with COVID-19: a nationwide multicenter study. Acad Radiol. 2023;31:1784.PubMed


	52.
Meyer HJ, Wienke A, Surov A. Extrapulmonary CT findings predict in-hospital mortality in COVID-19. a systematic review and meta-analysis. Acad Radiol. 2022;29(1):17–30.PubMed


	53.
Meyer H, Wienke A, Surov A. Computed tomography-defined body composition as prognostic markers for unfavourable outcomes and in-hospital mortality in coronavirus disease 2019. J Cachexia Sarcopenia Muscle. 2022;13(1):159–68.PubMedPubMedCentral


	54.
Koch V, Gruenewald LD, Albrecht MH, Eichler K, Gruber-Rouh T, Yel I, et al. Lung opacity and coronary artery calcium score: a combined tool for risk stratification and outcome prediction in COVID-19 patients. Acad Radiol. 2022;29(6):861–70.PubMedPubMedCentral


	55.
Malécot N, Chrusciel J, Sanchez S, Sellès P, Goetz C, Lévêque HP, et al. Chest CT characteristics are strongly predictive of mortality in patients with COVID-19 pneumonia: a multicentric cohort study. Acad Radiol. 2022;29(6):851–60.PubMedPubMedCentral


	56.
Liu B, Spokes P, He W, Kaldor J. High risk groups for severe COVID-19 in a whole of population cohort in Australia. BMC Infect Dis. 2021;21(1):685.PubMedPubMedCentral


	57.
Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical & mortal COVID-19 cases: a systematic literature review and meta-analysis. J Infect. 2020;81(2):e16-25.PubMedPubMedCentral


	58.
Grodecki K, Lin A, Razipour A, Cadet S, McElhinney PA, Chan C, et al. Epicardial adipose tissue is associated with extent of pneumonia and adverse outcomes in patients with COVID-19. Metabolism. 2021;115: 154436.PubMed


	59.
Buckley BJR, Harrison SL, Fazio-Eynullayeva E, Underhill P, Lane DA, Lip GYH. Prevalence and clinical outcomes of myocarditis and pericarditis in 718,365 COVID-19 patients. Eur J Clin Invest. 2021;51(11):e13679.PubMedPubMedCentral


	60.
Ghantous E, Szekely Y, Lichter Y, Levi E, Taieb P, Banai A, et al. Pericardial involvement in patients hospitalized with COVID-19: prevalence, associates, and clinical implications. J Am Heart Assoc. 2022;11(7):024363.


	61.
Liu Y, Xie J, Gao P, Tian R, Qian H, Guo F, et al. Swollen heart in COVID-19 patients who progress to critical illness: a perspective from echo-cardiologists. ESC Heart Fail. 2020;7(6):3621–32.PubMedPubMedCentral


	62.
Al-Tarbsheh AH, Leamon A, Chong WH, Chung JK, Oweis J, Vamshek S, et al. Pericardial effusion in COVID-19 patients. Am J Med Sci. 2022;364(1):129–30.PubMedPubMedCentral


	63.
Lazar M, Barbu EC, Chitu CE, Anghel AMJ, Niculae CM, Manea ED, et al. Pericardial involvement in severe COVID-19 patients. Medicina (B Aires). 2022;58(8):1093.


	64.
Diaz-Arocutipa C, Saucedo-Chinchay J, Imazio M. Pericarditis in patients with COVID-19: a systematic review. J Cardiovasc Med. 2021;22(9):693–700.


	65.
Lopalco G, Rigante D, Cantarini L, Imazio M, Lopalco A, Emmi G, et al. The autoinflammatory side of recurrent pericarditis: enlightening the pathogenesis for a more rational treatment. Trends Cardiovasc Med. 2021;31(5):265–74.PubMed


	66.
Farina A, Uccello G, Spreafico M, Bassanelli G, Savonitto S. SARS-CoV-2 detection in the pericardial fluid of a patient with cardiac tamponade. Eur J Intern Med. 2020;76:100–1.PubMedPubMedCentral


	67.
Danilczyk U, Penninger JM. Angiotensin-converting enzyme II in the heart and the kidney. Circ Res. 2006;98(4):463–71.PubMed


	68.
Furqan MM, Verma BR, Cremer PC, Imazio M, Klein AL. Pericardial diseases in COVID19: a contemporary review. Curr Cardiol Rep. 2021;23(7):90.PubMedPubMedCentral


	69.
Hua A, O’Gallagher K, Sado D, Byrne J. Life-threatening cardiac tamponade complicating myo-pericarditis in COVID-19. Eur Heart J. 2020;41(22):2130.PubMed


	70.
Asif T, Kassab K, Iskander F, Alyousef T. Acute pericarditis and cardiac tamponade in a patient with COVID-19: a therapeutic challenge. Eur J Case Rep Intern Med. 2020;7(6):001701.PubMedPubMedCentral


	71.
Andreis A, Imazio M, Casula M, Avondo S, Brucato A. Recurrent pericarditis: an update on diagnosis and management. Intern Emerg Med. 2021;16(3):551–8.PubMedPubMedCentral


	72.
Radovanovic M, Petrovic M, Hanna RD, Nordstrom CW, Calvin AD, Barsoum MK, et al. Clinical presentation and management of methicillin-resistant staphylococcus aureus pericarditis—systematic review. J Cardiovasc Dev Dis. 2022;9(4):103.PubMedPubMedCentral


	73.
Adams HJA, Kwee TC, Yakar D, Hope MD, Kwee RM. Chest CT imaging signature of coronavirus disease 2019 infection. Chest. 2020;158(5):1885–95.PubMed


	74.
Zhu J, Zhong Z, Li H, Ji P, Pang J, Li B, et al. CT imaging features of 4121 patients with COVID-19: a meta-analysis. J Med Virol. 2020;92(7):891–902.PubMedPubMedCentral


	75.
Bao C, Liu X, Zhang H, Li Y, Liu J. Coronavirus disease 2019 (COVID-19) CT findings: a systematic review and meta-analysis. J Am Coll Radiol. 2020;17(6):701–9.PubMedPubMedCentral


	76.
Eslami V, Abrishami A, Zarei E, Khalili N, Baharvand Z, Sanei-Taheri M. The association of CT-measured cardiac indices with lung involvement and clinical outcome in patients with COVID-19. Acad Radiol. 2021;28(1):8–17.PubMed


	77.
Abkhoo A, Shaker E, Mehrabinejad MM, Azadbakht J, Sadighi N, Salahshour F. Factors predicting outcome in intensive care unit-admitted COVID-19 patients: using clinical, laboratory, and radiologic characteristics. Crit Care Res Pract. 2021;7(2021):1–7.


	78.
Imazio M, Brucato A, Lazaros G, Andreis A, Scarsi M, Klein A, et al. Anti-inflammatory therapies for pericardial diseases in the COVID-19 pandemic: safety and potentiality. J Cardiovasc Med. 2020;21(9):625–9.


	79.
Szekely Y, Lichter Y, Hochstadt A, Taieb P, Banai A, Sapir O, et al. The predictive role of combined cardiac and lung ultrasound in coronavirus disease 2019. J Am Soc Echocardiogr. 2021;34(6):642–52.PubMedPubMedCentral


	80.
Taieb P, Szekely Y, Lupu L, Ghantous E, Borohovitz A, Sadon S, et al. Risk prediction in patients with COVID-19 based on haemodynamic assessment of left and right ventricular function. Eur Heart J Cardiovasc Imaging. 2021;22(11):1241–54.PubMed


	81.
Skulstad H, Cosyns B, Popescu BA, Galderisi M, Di SG, Donal E, et al. COVID-19 pandemic and cardiac imaging: EACVI recommendations on precautions, indications, prioritization, and protection for patients and healthcare personnel. Eur Heart J Cardiovasc Imaging. 2020;21(6):592–8.PubMed


	82.
Cardim N, Dalen H, Voigt JU, Ionescu A, Price S, Neskovic AN, et al. The use of handheld ultrasound devices: a position statement of the European association of cardiovascular imaging (2018 update). Eur Heart J Cardiovasc Imaging. 2019;20(3):245–52.PubMed


	83.
Kirkpatrick JN, Mitchell C, Taub C, Kort S, Hung J, Swaminathan M. ASE statement on protection of patients and echocardiography service providers during the 2019 novel coronavirus outbreak. J Am Coll Cardiol. 2020;75(24):3078–84.PubMedPubMedCentral


	84.
Ma C, Tu D, Gu J, Xu Q, Hou P, Wu H, et al. The predictive value of myoglobin for COVID-19-related adverse outcomes: a systematic review and meta-analysis. Front Cardiovasc Med. 2021;18:8.


	85.
Reuter H, Burgess LJ, Louw VJ, Doubell AF. The management of tuberculous pericardial effusion: experience in 233 consecutive patients. Cardiovasc J S Afr. 2007;18(1):20–5.PubMed


	86.
Strang JIG. Tuberculous pericarditis in transkei. Clin Cardiol. 1984;7(12):667–70.PubMed


	87.
Phadke VK, Hirsh DS, Goswami ND. Patient report and review of rapidly growing mycobacterial infection after cardiac device implantation. Emerg Infect Dis. 2016;22(3):389–95.PubMedPubMedCentral


	88.
Kestler M, Reves R, Belknap R. Pacemaker wire infection with Mycobacterium tuberculosis: a case report and literature review. Int J Tuberc Lung Dis. 2009;13(2):272–4.PubMed


	89.
Mayosi BM, Wiysonge CS, Ntsekhe M, Volmink JA, Gumedze F, Maartens G, et al. Clinical characteristics and initial management of patients with tuberculous pericarditis in the HIV era: the Investigation of the Management of Pericarditis in Africa (IMPI Africa) registry. BMC Infect Dis. 2006;6(1):2.PubMedPubMedCentral


	90.
Sagristà-Sauleda J, Permanyer-Miralda G, Soler-Soler J. Tuberculous pericarditis: ten year experience with a prospective protocol for diagnosis and treatment. J Am Coll Cardiol. 1988;11(4):724–8.PubMed


	91.
Marcu DTM, Adam CA, Mitu F, Cumpat C, Aursulesei Onofrei V, Zabara ML, et al. Cardiovascular involvement in tuberculosis: from pathophysiology to diagnosis and complications—a narrative review. Diagnostics. 2023;13(3):432.PubMedPubMedCentral


	92.
Reuter H, Burgess L, van Vuuren W, Doubell A. Diagnosing tuberculous pericarditis. QJM. 2006;99(12):827–39.PubMed


	93.
Yang CC, Lee MH, Liu JW, Leu HS. Diagnosis of tuberculous pericarditis and treatment without corticosteroids at a tertiary teaching hospital in Taiwan: a 14-year experience. J Microbiol Immunol Infect. 2005;38(1):47–52.PubMed


	94.
López-López JP, Posada-Martínez EL, Saldarriaga C, Wyss F, Ponte-Negretti CI, Alexander B, et al. Tuberculosis and the Heart. J Am Heart Assoc. 2021. https://​doi.​org/​10.​1161/​JAHA.​120.​019435.CrossrefPubMedPubMedCentral


	95.
Strang JIG, Nunn AJ, Johnson DA, Casbard A, Gibson DG, Girling DJ. Management of tuberculous constrictive pericarditis and tuberculous pericardial effusion in Transkei: results at 10 years follow-up. QJM. 2004;97(8):525–35.PubMed


	96.
Wiysonge CS, Ntsekhe M, Thabane L, Volmink J, Majombozi D, Gumedze F, et al. Interventions for treating tuberculous pericarditis. Cochrane Database Syst Rev. 2017. https://​doi.​org/​10.​1002/​14651858.​CD000526.​pub2.CrossrefPubMedPubMedCentral


	97.
Trautner BW, Darouiche RO. Tuberculous pericarditis: optimal diagnosis and management. Clin Infect Dis. 2001;33(7):954–61.PubMed


	98.
Klacsmann PG, Bulkley BH, Hutchins GM. The changed spectrum of purulent pericarditis. Am J Med. 1977;63(5):666–73.PubMed


	99.
Bhaduri-McIntosh S, Prasad M, Moltedo J, Vázquez M. Purulent pericarditis caused by group a streptococcus. Tex Heart Inst J. 2006;33(4):519–22.PubMedPubMedCentral


	100.
Pankuweit S, Risti AD, Seferovi PM, Maisch B. Bacterial pericarditis. Am J Cardiovas Drugs. 2005;5(2):103–12.


	101.
Meier D, Kirsch M, Qanadli SD, Muller O, Fishman D, Trana C. Case report of an unusual combination of purulent pericarditis and false aneurysm of the ascending aorta. J Cardiothorac Surg. 2018;13(1):15.PubMedPubMedCentral


	102.
El-Ahdab F, East M, Sexton D, Bashore T. Staphylococcus aureus pericardial abscess in a patient with liver cirrhosis: case report. South Med J. 2003;96(9):926–7.PubMed


	103.
Agrawal A, Jhamb U, Nigam A, Agrwal S, Saxena R. Purulent pericardial effusion in children: experience from a tertiary care center in North India. Ann Pediatr Cardiol. 2020;13(4):289.PubMedPubMedCentral


	104.
Abdel-Haq N, Moussa Z, Farhat MH, Chandrasekar L, Asmar BI. Infectious and noninfectious acute pericarditis in children: an 11-year experience. Int J Pediatr. 2018;8(2018):1–12.


	105.
Bagri NK, Yadav DK, Agarwal S, Aier T, Gupta V. Pericardial effusion in children: experience from tertiary care center in Northern India. Indian Pediatr. 2014;51(3):211–3.PubMed


	106.
Hindupur MR. Massive purulent pericardial effusion presenting as atrial fibrillation with rapid rate: case report and review of the literature. Am J Case Rep. 2014;15:504–7.PubMedPubMedCentral


	107.
Rosenthal A. Massive purulent pericarditis and cardiac tamponade caused by staphylococcus aureus urosepsis. Case Rep J Cardiovasc Surg (Torino). 2002;43(6):837–9.


	108.
Caforio ALP, Brucato A, Doria A, Brambilla G, Angelini A, Ghirardello A, et al. Anti-heart and anti-intercalated disk autoantibodies: evidence for autoimmunity in idiopathic recurrent acute pericarditis. Heart. 2010;96(10):779–84.PubMed


	109.
Giordani AS, Bocaj I, Vicenzetto C, Baritussio A, Gregori D, Scognamiglio F, et al. Aetiology, treatment and outcomes of pericarditis: long-term data from a longitudinal retrospective single-centre cohort. J Clin Med. 2024;13(22):6900.PubMedPubMedCentral


	110.
Imazio M, Hoit BD. Post-cardiac injury syndromes. an emerging cause of pericardial diseases. Int J Cardiol. 2013;168(2):648–52.PubMed


	111.
Drusin LM, Engle MA, Hagstrom JWC, Schwartz MS. The postpericardiotomy syndrome. N Engl J Med. 1965;272(12):597–602.PubMed


	112.
Engle MA, Zabriskie JB, Senterfit LB, Gay WA, O’Loughlin JE, Ehlers KH. Viral illness and the postpericardiotomy syndrome. A Prospect Stud Child Circulat. 1980;62(6):1151–8.


	113.
Imazio M, Brucato A, Ferrazzi P, Pullara A, Adler Y, Barosi A, et al. Colchicine for prevention of postpericardiotomy syndrome and postoperative atrial fibrillation. JAMA. 2014;312(10):1016.PubMed


	114.
van Osch D, Nathoe HM, Jacob KA, Doevendans PA, van Dijk D, Suyker WJ, et al. Determinants of the postpericardiotomy syndrome: a systematic review. Eur J Clin Invest. 2017;47(6):456–67.PubMed


	115.
Lehto J, Kiviniemi T. Postpericardiotomy syndrome after cardiac surgery. Ann Med. 2020;52(6):243–64.PubMedPubMedCentral


	116.
Barbhaiya CR, Guandalini GS, Jankelson L, Park D, Bernstein S, Holmes D, et al. Direct autotransfusion following emergency pericardiocentesis in patients undergoing cardiac electrophysiology procedures. J Cardiovasc Electrophysiol. 2020;31(6):1379–84.PubMed


	117.
Lekhakul A, Fenstad ER, Assawakawintip C, Pislaru SV, Ayalew AM, Maalouf JF, et al. Incidence and management of hemopericardium: impact of changing trends in invasive cardiology. Mayo Clin Proc. 2018;93(8):1086–95.PubMed


	118.
Lehto J, Gunn J, Karjalainen P, Airaksinen J, Kiviniemi T. Incidence and risk factors of postpericardiotomy syndrome requiring medical attention: the Finland postpericardiotomy syndrome study. J Thorac Cardiovasc Surg. 2015;149(5):1324–9.PubMed


	119.
Ofori-Krakye SK, Tyberg TI, Geha AS, Hammond GL, Cohen LS, Langou RA. Late cardiac tamponade after open heart surgery: incidence, role of anticoagulants in its pathogenesis and its relationship to the postpericardiotomy syndrome. Circulation. 1981;63(6):1323–8.PubMed


	120.
Ito T, Engle MA, Goldberg HP. Postpericardiotomy syndrome following surgery for nonrheumatic heart disease. Circulation. 1958;17(4):549–56.PubMed


	121.
Imazio M, Brucato A, Rovere ME, Gandino A, Cemin R, Ferrua S, et al. Contemporary features, risk factors, and prognosis of the post-pericardiotomy syndrome. Am J Cardiol. 2011;108(8):1183–7.PubMed


	122.
Lo PS, Elajami TK, Reyaldeen R, Anthony C, Klein AL. The role of rilonacept in recurrent pericarditis. Heart Int. 2021;15(1):20.


	123.
Lehto J, Kiviniemi T, Gunn J, Airaksinen J, Rautava P, Kytö V. Occurrence of postpericardiotomy syndrome: association with operation type and postoperative mortality after open-heart operations. J Am Heart Assoc. 2018;7(22):e010269.PubMedPubMedCentral


	124.
Dressler W. The post-myocardial-infarction syndrome. AMA Arch Intern Med. 1959;103(1):28.PubMed


	125.
Engle MA, Zabriskie JB, Senterfit LB. Heart-reactive antibody, viral illness, and the postpericardiotomy syndrome. correlates of a triple-blind, prospective study. Trans Am Clin Climatol Assoc. 1976;87:147–60.PubMedPubMedCentral


	126.
Shahar A, Hod H, Barabash GM, Kaplinsky E, Motro M. Disappearance of a syndrome: dressler syndrome in the era of thrombolysis. Cardiology. 1994;85(3–4):255–8.PubMed


	127.
Dressler W. A post-myocardial-infarction syndrome. J Am Med Assoc. 1956;160(16):1379.PubMed


	128.
Paelinck B, Dendale PA. Cardiac tamponade in dressler’s syndrome. N Engl J Med. 2003;348(23): e8.PubMed


	129.
Imazio M, Negro A, Belli R, Beqaraj F, Forno D, Giammaria M, et al. Frequency and prognostic significance of pericarditis following acute myocardial infarction treated by primary percutaneous coronary intervention. Am J Cardiol. 2009;103(11):1525–9.PubMed


	130.
Connaire S, Elchinova E, Bucciarelli-Ducci C, Campbell P. Cardiac tamponade secondary to Dressler’s syndrome. BMJ Case Rep. 2021;14(8): e243577.PubMedPubMedCentral


	131.
Huang MS, Su YH, Chen JY. Post cardiac injury syndrome successfully treated with medications: a report of two cases. BMC Cardiovasc Disord. 2021;21(1):394.PubMedPubMedCentral


	132.
Levy Y, Shovman O, Granit C, Luria D, Gurevitz O, Bar-Lev D, et al. Pericarditis following permanent pacemaker insertion. Isr Med Assoc J. 2004;6(10):599–602.PubMed


	133.
Troughton RW, Asher CR, Klein AL. Pericarditis. The Lancet. 2004;363(9410):717–27.


	134.
Bielsa S, Corral E, Bagüeste P, Porcel JM. Characteristics of pleural effusions in acute idiopathic pericarditis and post-cardiac injury syndrome. Ann Am Thorac Soc. 2016;13(2):298–300.PubMed


	135.
Ohlow MA, Lauer B, Brunelli M, Geller JC. Incidence and predictors of pericardial effusion after permanent heart rhythm device implantation. Circ J. 2013;77(4):975–81.PubMed


	136.
Sivakumaran S, Irwin ME, Gulamhusein SS, Senaratne MPJ. Postpacemaker implant pericarditis: incidence and outcomes with active-fixation leads. Pacing Clin Electrophys. 2002;25(5):833–7.


	137.
Bhattacharya G. A case report of pericardial effusion with false-positive mesothelioma and adenocarcinoma markers as the initial presentation of systemic lupus erythematous. Case Rep Rheumatol. 2022;2022:1–5.


	138.
Weich HS, Burgess LJ, Reuter H, Brice EA, Doubell AF. Large pericardial effusions due to systemic lupus erythematosus: a report of eight cases. Lupus. 2005;14(6):450–7.PubMed


	139.
Ryu S, Fu W, Petri MA. Associates and predictors of pleurisy or pericarditis in SLE. Lupus Sci Med. 2017;4(1): e000221.PubMedPubMedCentral


	140.
Shimizu T, Murata M, Tomizawa H, Mitsuhashi T, Katsuki T, Shimada K. Systemic lupus erythematosus initially manifesting as acute pericarditis complicating with cardiac tamponade : a case report. J Cardiol. 2007;49(5):273–6.PubMed


	141.
Maharaj SS, Chang SM. Cardiac tamponade as the initial presentation of systemic lupus erythematosus: a case report and review of the literature. Pediatr Rheumatol. 2015;13(1):9.


	142.
Castier MB, Albuquerque EMN, Menezes MEFCC, Klumb E, Albanesi FFM. Cardiac tamponade in systemic lupus erythematosus. report of four cases. Arq Bras Cardiol. 2000;75(5):446–8.PubMed


	143.
Kruzliak P, Novak M, Piler P, Kovacova G. Pericardial involvement in systemic lupus erythematosus: current diagnosis and therapy. Acta Cardiol. 2013;68(6):629–33.PubMed


	144.
Sugiura T, Kumon Y, Kataoka H, Matsumura Y, Takeuchi H, Doi Y. Asymptomatic pericardial effusion in patients with systemic lupus erythematosus. Lupus. 2009;18(2):128–32.PubMed


	145.
Rosenbaum E, Krebs E, Cohen M, Tiliakos A, Derk C. The spectrum of clinical manifestations, outcome and treatment of pericardial tamponade in patients with systemic lupus erythematosus: a retrospective study and literature review. Lupus. 2009;18(7):608–12.PubMed


	146.
Rienmüller R, Gröll R, Lipton MJ. CT and MR imaging of pericardial disease. Radiol Clin North Am. 2004;42(3):587–601.PubMed


	147.
Adler Y, Finkelstein Y, Guindo J, Rodriguez de la Serna A, Shoenfeld Y, Bayes-Genis A, et al. Colchicine treatment for recurrent pericarditis. Circulation. 1998;97(21):2183–5.PubMed


	148.
Little WC, Freeman GL. Pericardial disease. Circulation. 2006;113(12):1622–32.PubMed


	149.
Atzeni F, Gozza F, Cafaro G, Perricone C, Bartoloni E. Cardiovascular involvement in sjögren’s syndrome. Front Immunol. 2022;6:13.


	150.
Xu X, Shi Y, Yang X, Zhang Y, Qin L, Cai L, et al. Risk factors for hypertension in primary Sjögren’s syndrome patients: a nomogram was constructed. J Hum Hypertens. 2022;36(11):996–1002.PubMed


	151.
Bartoloni E, Baldini C, Schillaci G, Quartuccio L, Priori R, Carubbi F, et al. Cardiovascular disease risk burden in primary Sjögren’s syndrome: results of a population-based multicentre cohort study. J Intern Med. 2015;278(2):185–92.PubMed


	152.
Palm O, Garen T, Berge Enger T, Jensen JL, Lund MB, Aalokken TM, et al. Clinical pulmonary involvement in primary Sjogren’s syndrome: prevalence, quality of life and mortality—a retrospective study based on registry data. Rheumatology. 2013;52(1):173–9.PubMed


	153.
Chauhan K, Jandu JS, Brent LH, Al-Dhahir MA. Rheumatoid Arthritis. 2023.


	154.
Yamakido M, Ishioka S, Takeda M. Cardiac and pulmonary manifestations in rheumatoid arthritis. Nihon Rinsho. 1992;50(3):570–5.PubMed


	155.
Corrao S, Salli L, Arnone S, Scaglione R, Amato V, Cecala M, et al. Cardiac involvement in rheumatoid arthritis evidence of silent heart disease. Eur Heart J. 1995;16(2):253–6.PubMed


	156.
Katikireddy CK, Krishna G, Berry G, Faul J, Kuschner W. A 24-year-old woman with bilateral pulmonary infiltrates, pericardial effusion, and bilateral pleural effusions. Chest. 2005;128(6):4013–7.PubMed


	157.
Tokonami A, Ohta R, Tanaka Y, Amano S, Sano C. Pericarditis with cardiac tamponade mimicking yellow nail syndrome in a patient with rheumatoid arthritis and a paucity of joint symptoms. Cureus. 2022;14:e21523.PubMedPubMedCentral


	158.
Soh MC, Hart HH, Corkill M. Pericardial effusions with tamponade and visceral constriction in patients with rheumatoid arthritis on tumour necrosis factor (TNF)-inhibitor therapy. Int J Rheum Dis. 2009;12(1):74–7.PubMed


	159.
Imadachi H, Imadachi S, Koga T, Miyashita T, Izumi Y, Takayama H, et al. Successful treatment of refractory cardiac tamponade due to rheumatoid arthritis using pericardial drainage. Rheumatol Int. 2010;30(8):1103–6.PubMed


	160.
Yousuf T, Kramer J, Kopiec A, Bulwa Z, Sanyal S, Ziffra J. A rare case of cardiac tamponade induced by chronic rheumatoid arthritis. J Clin Med Res. 2015;7(9):720–3.PubMedPubMedCentral


	161.
Thompson A. A study of the frequency of pericardial and pleural effusions in scleroderma. Rheumatology. 1998;37(12):1320–3.


	162.
Ioannidis JPA, Vlachoyiannopoulos PG, Haidich AB, Medsger TA, Lucas M, Michet CJ, et al. Mortality in systemic sclerosis: an international meta-analysis of individual patient data. Am J Med. 2005;118(1):2–10.PubMed


	163.
Ingegnoli F, Ughi N, Mihai C. Update on the epidemiology, risk factors, and disease outcomes of systemic sclerosis. Best Pract Res Clin Rheumatol. 2018;32(2):223–40.PubMed


	164.
Steen VD, Medsger TA. Severe organ involvement in systemic sclerosis with diffuse scleroderma. Arthritis Rheum. 2000;43(11):2437–44.PubMed


	165.
Domsic RT, Rodriguez-Reyna T, Lucas M, Fertig N, Medsger TA. Skin thickness progression rate: a predictor of mortality and early internal organ involvement in diffuse scleroderma. Ann Rheum Dis. 2011;70(1):104–9.PubMed


	166.
Hemnes AR, Gaine SP, Wiener CM. Poor outcomes associated with drainage of pericardial effusions in patients with pulmonary arterial hypertension. South Med J. 2008;101(5):490–4.PubMed


	167.
Kitchongcharoenying P. Pericardial fluid profiles of pericardial effusion in systemic sclerosis patients. Asian Pac J Allergy Immunol. 2013;31(4):314.PubMed


	168.
Pagnoux C, Guillevin L. Peripheral neuropathy in systemic vasculitides. Curr Opin Rheumatol. 2005;17(1):41–8.PubMed


	169.
Greco A, Rizzo MI, De Virgilio A, Gallo A, Fusconi M, Ruoppolo G, et al. Churg–Strauss syndrome. Autoimmun Rev. 2015;14(4):341–8.PubMed


	170.
Knockaert DC. Cardiac involvement in systemic inflammatory diseases. Eur Heart J. 2007;28(15):1797–804.PubMed


	171.
Pakbaz M, Pakbaz M. Cardiac involvement in eosinophilic granulomatosis with polyangiitis: a meta-analysis of 62 case reports. J Tehran Heart Cent. 2020;15(1):18–26.PubMedPubMedCentral


	172.
Neumann T, Manger B, Schmid M, Kroegel C, Hansch A, Kaiser WA, et al. Cardiac involvement in Churg-Strauss syndrome. Medicine. 2009;88(4):236–43.PubMed


	173.
Nussinovitch U. The heart in rheumatic, autoimmune and inflammatory diseases: pathophysiology, clinical aspects and therapeutic approaches. Academic Press; 2017.


	174.
Suganuma K, Hashimoto T, Sato H, Suzuki T, Sakurai S. Oculomotor nerve palsy following cardiac tamponade with Churg-Strauss syndrome: a case report. Case Rep Neurol. 2011;3(3):274–7.PubMedPubMedCentral


	175.
Matsuo S, Sato Y, Matsumoto T, Naiki N, Horie M. Churg-Strauss syndrome presenting with massive pericardial effusion. Heart Vessels. 2007;22(2):128–30.PubMed


	176.
Yano T, Ishimura S, Furukawa T, Koyama M, Tanaka M, Shimoshige S, et al. Cardiac tamponade leading to the diagnosis of eosinophilic granulomatosis with polyangiitis (Churg−Strauss syndrome): a case report and review of the literature. Heart Vessels. 2015;30(6):841–4.PubMed


	177.
Onen F. Familial mediterranean fever. Rheumatol Int. 2006;26(6):489–96.PubMed


	178.
Alsarah A, Alsara O, Laird-Fick HS. Cardiac manifestations of familial mediterranean fever. Avicenna J Med. 2017;7(4):158–63.PubMedPubMedCentral


	179.
Dabestani A, Noble LM, Child JS, Krivokapich J, Schwabe AD. Pericardial disease in familial mediterranean fever. Chest. 1982;81(5):592–5.PubMed


	180.
Kees S, Langevitz P, Zemer D, Padeh S, Pras M, Linveh A. Attacks of pericarditis as a manifestation of familial mediterranean fever (FMF). QJM. 1997;90(10):643–7.PubMed


	181.
Yoldaş T, Örün UA, Tak S. True aneurysmal dilatation of a valved bovine jugular vein conduit after right ventricular outflow tract reconstruction: a rare complication. Cardiol Young. 2019;29(8):1097–8.PubMed


	182.
Yoldaş T, Kayali Ş, Ertuğrul İ, Doğan V, Örün UA, Karademir S. Massive pericardial effusion and tamponade can be a first sign of familial mediterranean fever. Pediatr Emerg Care. 2017;33(9):e48-51.PubMed


	183.
Rehman KA, Betancor J, Xu B, Kumar A, Rivas CG, Sato K, et al. Uremic pericarditis, pericardial effusion, and constrictive pericarditis in end-stage renal disease: Insights and pathophysiology. Clin Cardiol. 2017;40(10):839–46.PubMedPubMedCentral


	184.
Malek A, Zeraati T, Sadr-Nabavi A, Vakili N, Abbaszadegan MR. Cardiac tamponade: a rare manifestation of familial mediterranean fever. Case Rep Rheumatol. 2022;7(2022):1–5.


	185.
Dad T, Sarnak MJ. Pericarditis and pericardial effusions in end-stage renal disease. Semin Dial. 2016;29(5):366–73.PubMed


	186.
Pupim LB, Himmelfarb J, McMonagle E, Shyr Y, Ikizler TA. Influence of initiation of maintenance hemodialysis on biomarkers of inflammation and oxidative stress. Kidney Int. 2004;65(6):2371–9.PubMed


	187.
Tonelli M, Pfeffer MA. Kidney disease and cardiovascular risk. Annu Rev Med. 2007;58(1):123–39.PubMed


	188.
Aghsaeifard Z, Firouzi R, Alizadeh R. (2022) Predisposing factors and uremic pericardial effusion among ESRD patients undergoing dialysis. Ann Med Surg. 77.


	189.
Laddha M, Sachdeva V, Diggikar PM, Satpathy PK, Kakrani AL. Echocardiographic assessment of cardiac dysfunction in patients of end stage renal disease on haemodialysis. J Assoc Physicians India. 2014;62(1):28–32.PubMed


	190.
Ravi V, Iskander F, Saini A, Brecklin C, Doukky R. Clinical predictors and outcomes of patients with pericardial effusion in chronic kidney disease. Clin Cardiol. 2018;41(5):660–5.PubMedPubMedCentral


	191.
Rostand SG, Rutsky EA. Pericarditis in end-stage renal disease. Cardiol Clin. 1990;8(4):701–8.PubMed


	192.
Chang KW, Aisenberg GM. Pericardial effusion in patients with end-stage renal disease. Tex Heart Inst J. 2015;42(6):596.PubMedPubMedCentral


	193.
Alpert MA, Ravenscraft MD. Pericardial involvement in end-stage renal disease. Am J Med Sci. 2003;325(4):228–36.PubMed


	194.
Mashahdian A. Uremic pericarditis: a report of 30 cases and review of the literature. Am J Case Rep. 2014;15:169–73.


	195.
Leehey DJ, Daugirdas JT, Popli S, Gandhi VC, Pifarré R, Ing TS. Predicting need for surgical drainage of pericardial effusion in patients with end-stage renal disease. Int J Artif Organs. 1989;12(10):618–25.PubMed


	196.
Refaat MM, Katz WE. Neoplastic pericardial effusion. Clin Cardiol. 2011;34(10):593–8.PubMedPubMedCentral


	197.
DeCamp MM, Mentzer SJ, Swanson SJ, Sugarbaker DJ. Malignant effusive disease of the pleura and pericardium. Chest. 1997;112(4):291S-295S.PubMed


	198.
Hancock EW. Neoplastic pericardial disease. Cardiol Clin. 1990;8(4):673–82.PubMed


	199.
Adenle AD, Edwards JE. Clinical and pathologic features of metastatic neoplasms of the pericardium. Chest. 1982;81(2):166–9.PubMed


	200.
Parrillo JE, Dellinger RP. Critical care medicine e-book: principles of diagnosis and management in the adult. Elsevier Health Sciences; 2018.


	201.
Soler-Soler J. General cardiology: management of pericardial effusion. Heart. 2001;86(2):235–40.PubMedPubMedCentral


	202.
Celerrnajer DS, Boyer MJ, Bailey BP, Tattersall MHN. Pericardiocentesis for symptomatic malignant pericardial effusion: a study of 36 patients. Med J Aust. 1991;154(1):19–22.


	203.
Meyers DG, Meyers RE, Prendergast TW. The usefulness of diagnostic tests on pericardial fluid. Chest. 1997;111(5):1213–21.PubMed


	204.
Rafique AM, Patel N, Biner S, Eshaghian S, Mendoza F, Cercek B, et al. Frequency of recurrence of pericardial tamponade in patients with extended versus nonextended pericardial catheter drainage. Am J Cardiol. 2011;108(12):1820–5.PubMed


	205.
Martinoni A, Cipolla CM, Cardinale D, Civelli M, Lamantia G, Colleoni M, et al. Long-term results of intrapericardial chemotherapeutic treatment of malignant pericardial effusions with thiotepa. Chest. 2004;126(5):1412–6.PubMed


	206.
Klein I, Danzi S. Thyroid disease and the heart. Circulation. 2007;116(15):1725–35.PubMed


	207.
Rawat B, Satyal A. An echocardiographic study of cardiac changes in hypothyroidism and the response to treatment. Kathmandu Univ Med J (KUMJ). 2004;2(3):182–7.PubMed


	208.
Nouh MS, Famuyiwa OO, Sulimani RA, Al-Nuaim A. The spectrum of echocardiographic abnormalities in hypothyroidism and the effect of hormonal treatment. Ann Saudi Med. 1991;11(6):611–5.PubMed


	209.
Kerber RE, Sherman B. Echocardiographic evaluation of pericardial effusion in myxedema Incidence and biochemical and clinical correlations. Circulation. 1975;52(5):823–7.PubMed


	210.
Chahine J, Ala CK, Gentry JL, Pantalone KM, Klein AL. Pericardial diseases in patients with hypothyroidism. Heart. 2019;105(13):1027–33.PubMed


	211.
Vogiatzidis K, Zarogiannis SG, Aidonidis I, Solenov EI, Molyvdas PA, Gourgoulianis KI, et al. Physiology of pericardial fluid production and drainage. Front Physiol. 2015;18:6.


	212.
Yamanaka S, Kumon Y, Matsumura Y, Kamioka M, Takeuchi H, Sugiura T. Link between pericardial effusion and attenuation of QRS voltage in patients with hypothyroidism. Cardiology. 2010;116(1):32–6.PubMed


	213.
Narchi H. Congenital hypothyroidism and nonimmune hydrops fetalis: Associated? Pediatrics. 1999;104(6):1416.PubMed


	214.
Redinger RN. The many faces of hypothyroidism: a review of two inpatient populations. J Ky Med Assoc. 2005;103(4):149–57.PubMed


	215.
Spodick DH. Acute cardiac tamponade. N Engl J Med. 2003;349(7):684–90.PubMed


	216.
Jonklaas J, Bianco AC, Bauer AJ, Burman KD, Cappola AR, Celi FS, et al. Guidelines for the treatment of hypothyroidism: prepared by the american thyroid association task force on thyroid hormone replacement. Thyroid. 2014;24(12):1670–751.PubMedPubMedCentral


	217.
Azevedo AC, Flor de Lima I, Brito V, Centeno MJ, Fernandes A. Tamponamento cardíaco: uma complicação rara da cateterização venosa central—relato de um caso clínico. Brazilian J Anesthesiology. 2018;68(1):104–8.


	218.
van Rie A, Beyers N, Gie RP, Kunneke M, Zietsman L, Donald PR. Childhood tuberculosis in an urban population in South Africa: burden and risk factor. Arch Dis Child. 1999;80(5):433–7.PubMedPubMedCentral


	219.
Ahmad S, Ellis J, Nesbitt A, Molyneux E. Pericardial effusions in children with severe protein energy malnutrition resolve with therapeutic feeding: a prospective cohort study. Arch Dis Child. 2008;93(12):1033–6.PubMed


	220.
Weber S. Tuberculosis and pericarditis in children. Trop Doct. 1999;29(3):135–8.PubMed


	221.
Hurreesing C, Babuty D, Fauchier L, d’Alteroche L, Montout M, Poret P, et al. Épanchement péricardique révélateur d’une insuffisance cardiaque à débit élevé par carence en thiamine chez un adulte jeune. Rev Med Interne. 2000;21(11):993–7.PubMed


	222.
Manar MJ, MacPherson GD, Mcardle F, Jackson MJ, Hart CA. Selenium status, kwashiorkor and congestive heart failure. Acta Paediatr. 2001;90(8):950–2.PubMed


	223.
Alsenan AK, Al Dhneem HN, Alfandi HA, AlDahan HA, Almadan HM, AlSaif HH, et al. Iatrogenic causes of cardiac tamponade resulting from surgical procedures: an overview. Cureus. 2023;15:e33773.PubMedPubMedCentral


	224.
Huang YK, Lu MS, Liu KS, Liu EH, Chu JJ, Tsai FC, et al. Traumatic pericardial effusion: impact of diagnostic and surgical approaches. Resuscitation. 2010;81(12):1682–6.PubMed


	225.
Holmes DR, Nishimura R, Fountain R, Turi ZG. Iatrogenic pericardial effusion and tamponade in the percutaneous intracardiac intervention era. JACC Cardiovasc Interv. 2009;2(8):705–17.PubMed


	226.
Bar-Joseph G, Galvis AG. Perforation of the heart by central venous catheters in infants: guidelines to diagnosis and management. J Pediatr Surg. 1983;18(3):284–7.PubMed


	227.
Çalıkoğlu İ, Özgen G, Toydemir T, Yerdel MA. Iatrogenic cardiac tamponade as a mortal complication of peri-hiatal surgery. Analysis of 30 published cases. Heliyon. 2019;5(4):e01537.PubMedPubMedCentral


	228.
Adams A, Fotiadis N, Chin JY, Sapsford W, Brohi K. A pictorial review of traumatic pericardial injuries. Insights Imaging. 2012;3(4):307–11.PubMedPubMedCentral


	229.
Degiannis E, Loogna P, Doll D, Bonanno F, Bowley DM, Smith MD. Penetrating cardiac injuries: recent experience in South Africa. World J Surg. 2006;30(7):1258–64.PubMed


	230.
Körner M, Krötz MM, Degenhart C, Pfeifer KJ, Reiser MF, Linsenmaier U. Current role of emergency US in patients with major trauma. Radiographics. 2008;28(1):225–42.PubMed


	231.
Mortezaeian H, Tabib A, Pouraliakbar H, Anafje M, Ebrahimi P, Soltani P. Case report ventricular septal defect and mitral regurgitation due to penetrating cardiac trauma; a case report and review of literature. Arch Acad Emerg Med. 2024;12(1):e25.PubMedPubMedCentral


	232.
Shorr RM, Crittenden M, Indeck M, Hartunian SL, Rodriguez A. Blunt thoracic trauma analysis of 515 patients. Ann Surg. 1987;206(2):200–5.PubMedPubMedCentral


	233.
Bright EF, Beck CS. Nonpenetrating wounds of the heart. Am Heart J. 1935;10(3):293–321.


	234.
Martin TD, Flynn TC, Rowlands BJ, Ward RE, Fischer RP. Blunt cardiac rupture. J Trauma: Injury, Infection, Critical Care. 1984;24(4):287–90.


	235.
Hermens JAJM, Wajon EMCJ, Grandjean JG, Haalebos MMP, von Birgelen C. Delayed cardiac tamponade in a patient with previous minor blunt chest trauma. Int J Cardiol. 2009;131(3):e124–6.PubMed


	236.
Solomon D. Delayed cardiac tamponade after blunt chest trauma. J Trauma: Injury, Infection, Critic Care. 1991;31(9):1322–4.


	237.
Tanizaki S, Nishida S, Maeda S, Ishida H. Non-surgical management in hemodynamically unstable blunt traumatic pericardial effusion: a feasible option for treatment. Am J Emerg Med. 2018;36(9):1655–8.PubMed


	238.
Witt CE, Linnau KF, Maier RV, Rivara FP, Vavilala MS, Bulger EM, et al. Management of pericardial fluid in blunt trauma. J Trauma Acute Care Surg. 2017;82(4):733–41.PubMedPubMedCentral


	239.
Johansson G, Markström U, Swedenborg J. Ruptured thoracic aortic aneurysms: a study of incidence and mortality rates. J Vasc Surg. 1995;21(6):985–8.PubMed


	240.
Sagristà-Sauleda J, Angel J, Sambola A, Permanyer-Miralda G. Hemodynamic effects of volume expansion in patients with cardiac tamponade. Circulation. 2008;117(12):1545–9.PubMed


	241.
Shabetai R. Pericardial effusion: haemodynamic spectrum. Heart. 2004;90(3):255–6.PubMedPubMedCentral


	242.
Natanzon A, Kronzon I. Pericardial and pleural effusions in congestive heart failure—anatomical, pathophysiologic, and clinical considerations. Am J Med Sci. 2009;338(3):211–6.PubMed


	243.
McLaughlin VV, Archer SL, Badesch DB, Barst RJ, Farber HW, Lindner JR, et al. ACCF/AHA 2009 expert consensus document on pulmonary hypertension. Circulation. 2009;119(16):2250–94.PubMed


	244.
Sahay S, Tonelli AR. Pericardial effusion in pulmonary arterial hypertension. Pulm Circ. 2013;3(3):467–77.PubMedPubMedCentral


	245.
Dunne JV, Chou JP, Viswanathan M, Wilcox P, Huang SH. Cardiac tamponade and large pericardial effusions in systemic sclerosis. Clin Rheumatol. 2011;30(3):433–8.PubMed


	246.
Levitt D, Levitt M. Human serum albumin homeostasis: a new look at the roles of synthesis, catabolism, renal and gastrointestinal excretion, and the clinical value of serum albumin measurements. Int J Gen Med. 2016;9:229–55.PubMedPubMedCentral


	247.
Namdev S, Krishnamurthy S, Biswal N, Jagadisan B. Pericardial tamponade in nephrotic syndrome: an uncommon complication. The Indian Journal of Pediatrics. 2013;80(7):598–600.PubMed




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Incidence of secondary pericardial effusions associated with different etiologies: a comprehensive review of literature


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13019_2025_3370_Fig2_HTML.jpg





OEBPS/images/13019_2025_3370_Fig7_HTML.png
Indwelling Catheter

Non-Traumatic
Pericardial Effusion

Pericardiocentesis

Traumatic vs. Non-
traumatic Pericardial

Effusion Pericardial Window

Traumatic
Pericardial Effusion

Sternotomy





OEBPS/images/13019_2025_3370_Fig4_HTML.png
Risk of PE after different procedures

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%
0% .

PPS Related PE Risk (88-  Post-MlI PE Risk (1%) Post-Heart Device Post-PCI PE Risk (0.2%)
92%) Implantation Risk (1-5%)

M Percentage of accurance based on the type of procedure





OEBPS/images/13019_2025_3370_Fig1_HTML.jpg





OEBPS/images/13019_2025_3370_Fig3_HTML.png
Different Etiologies of Pericardial Effusion

100%
90%
80%
70%
60%
50%
40%
30%

20%

10%

7% 9%
0%
Levy et al. study Corey et al. study Reuter et al. study on Reuter et al. study
(France) (USA) (South Africa) (China)

Idiopathic m Infections M Cancers I" Metabolic ® Autoimmune and Rheumatologic ® Others M latrogenic





OEBPS/css/envelope.png





OEBPS/images/13019_2025_3370_Fig6_HTML.png
Percentage of Pericardial Effusion in Different Studies
40%
35%

30%

25%
20%
15%
10%
5%
0% -

Kabadi and Hardisty et al. Kerber and Noubh et al. Rawat and
Kumar(3%) (23%) Sherman (37%) Satyal(25%)
(21%)

® Percentage





OEBPS/images/13019_2025_3370_Fig5_HTML.jpg





OEBPS/css/sidebar.gif





OEBPS/css/cc-by-nc-nd.png
(OO





